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ABSTRACT 


The objectives of the study included: (i) determination of demand 
and supply functions for sugar and assessment of the structure and 
general behaviour of the sugar industry; (ii) evaluation of the 
performance of the sugar industry in relation to the self-sufficiency 
policy; (iii) prediction of future developments of the sugar industry in 
relation to the self-sufficiency policy; and (iv) formulation of market 
improvement proposals that could find useful applications in the sugar 
industry. These objectives are stated in relation to Kenya's sugar 
industry. 

Relevant data were obtained and analysed using relevant analytic 
models and statistical procedures. The hypotheses based on the stated 
objectives were then tested. The results of these hypothesis tests in 
relation to Kenya's sugar industry were: 

(1) Changes in cane and sugar prices have a significant impact 
on cane and sugar production; 

(ii) Increases in the prices of competitive products, especially 
with regard to maize prices, have an adverse effect on cane and sugar 
production; 

(iii) Changes in the level of sugar price and national disposable 
income have a significant impact on sugar consumption; 

(iv) Domestic price of sugar is positively correlated to the 
world market price of sugar; 

(v) The lag in adjusting cane and sugar production to desired 
levels following changes in cane and sugar prices is statistically 
significant; 


(vi) The Government policy has not been effective in relation to 
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achieving the self-sufficiency goal within the 1966-1976 target period; 
(vii) Kenya is likely to become self-sufficient in sugar during 
the next decade. 

The performance of the sugar industry is thus found to be 
unsatisfactory from the self-sufficiency norm, although the performance 
is considered to be satisfactory from the (i) stability of prices, 
employment and output, and (ii) labour relations criteria. An important 
conclusion of the study is the fact that both production and consumption 
of sugar are sensitive to economic factors. Price and income elasticities 
are found to be low, although the results are comparable to those obtained 
from studies on sugar industries in other parts of the world. Therefore, 
the use of a sugar pricing policy to influence production and consumption 
in order to achieve a self-sufficiency status would likely lead to a high 
consumer price and take a relatively long time to achieve its objectives. 
Such a policy is considered socially inequitable. 

This study recommends an alternative sugar policy that is likely 
to lead to self-sufficiency while maintaining a sugar price that is 
considered more socially equitable. The recommendations involve (i) the 
indexation of the current domestic sugar price to the fluctuations in the 
world market price of sugar, and (ii) the operation of a price-support 
fund from which the Government is to subsidize domestic sugar production 
only when the average production cost exceeds the indexed domestic sugar 
price. These recommendations are considered equitable in the sense that 
they do not disrupt the established production pattern, yet they result 
in a fair price to consumers because there is no longer a need to increase 


the sugar price just for the sake of giving a price incentive to producers. 
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CHAPTER I 
THE PROBLEM AND ITS SETTING 


The Evolution of the Study 


The Government of Kenya currently pursues a policy of self- 
sufficiency in food production. The long-term objective of such a policy 
is to develop the country's resources in order to produce all its food 
requirements, with an exportable surplus if possible. Such an objective 
has been the guiding principle in the development and promotion of sugar 
production in Kenya since the Government declared sugar production a 


2 


“scheduled crop"” following the attainment of Kenya's political 


independence in 1963. However, the Government's target of achieving 
self-sufficiency in sugar production has not been realized despite earlier 


plans to achieve the goal by the 1970s.> 


Background to Kenya's Sugar Industry 


Kenya produces cane sugar, the bulk of which is consumed in the 
semi-refined form known as mill-white sugar, which is yellow-white in 
colour and is suitable for most household purposes other than specialty 
baking. Industrial users of sugar generally require a more refined sugar 


for the making of beer, soft drinks and confectionaries, and for other 


ereaticc referred to as the Government: the first letter of the term 
"government" will be capitalized in all cases where it is used to refer 
to the Government of Kenya. 


on “scheduled crop" in Kenya refers to any agricultural commodity whose 


production is regulated by a government policy, for instance through a 
marketing or a pricing policy. 


3Se¢ Government of Kenya, Development Plan, 1974/78 (Nairobi: Government 
Printer, 1974). 


44 
q 
e 
: 
ay 



















* 4,7 | 
] 2 
' 
a 
j a3 vay 4 
{ 7 bg i 7 
bal 
d 
‘ ‘ 
; : 
é 
f ‘le *% 
’ rower j 
( tale 
Let v _ 
7 
‘ <7 i i ’ 
‘ 42 n 
Jee 
i a F ‘ i . 
“ ‘ ‘ ' 
re 
, a ip © = 
07 2 tj at rece cel Q 
, , f r won Guo 
. sd ) é 4 Jt d of Fue SU 
+ 5 pupa Ul Teveneg taoue Ne ease 
' ’ if 4 : 4 ! ; i? >> ip 
wig? gal 22417 afé .cieneieyag@ asc ze ot BAe ORR 
* — , ms ; : _ ah.) 
wet al Ss ' #) ovatw geome Tl. of Restless at 4 gee 
’ © 7 4 
7 = ’ fa As. « 7  ¥ 
; re o ‘a. e Sper 4 
ne 


: : m- 

ge (Ws “ 9 thun a) lew nur fuotes pro oy 2 a 4are'y SRe Cb nf rch a | 
= Poca onrnté unt 7a weeks eae Tavop & VA base ised ai 
<) pole weer eee i hs 























: a _— “é ‘dithhe. 
4% Ste] Mei gis nao! s¥al all 
| a eo” -¢ 


" 
_— ees 


= 7 es 


forms of food and non-food sugar ieeate 

The history of sugar production in Kenya dates back to the 1920s 
when the first sugar mill was established at Miwani, Nyanza Province, by 
a private company in 1924, followed by the establishment of the second 
mill at Ramisi, Coast Province, in 1927, again by a private company.* 
Each mill was established in a cane-production zone and was to depend on 
its own cane plantation, the so-called nucleus estate,° for cane supplies. 
The colonial government that ruled Kenya prior to the country's political 
independence in 1963 did not promote agriculture by Africans on a large 
scale. Only the two sugar mills, each depending on its own cane supplies, 
continued to produce sugar in the country prior to 1966, despite the fast 
growing market for sugar that had continued to develop in Kenya since the 
early 1920s.7 Cane and sugar production became major enterprises in 1966 | 
when the Government declared sugar production a scheduled crop and embarked 
on a number of sugar production and expansion projects. The sugar industry 
has continued to grow steadily since then. 

The third sugar mill in Kenya was established at Muhoroni, Nyanza 
Province, in 1966 (by East African Sugar Industries Ltd.), followed by the 


fourth one at Chemilil, Nyanza Province, in 1968. The Mumias sugar mill, 


IMinistry of Agriculture, Economic Review of Agriculture, Vol. 7, No. 1, 
January-March, 1975 (Nairobi: Government Printer, 1975). 

“Confidential Report, Ministry of Agriculture, Nairobi, Kenya, 1976. 

$n nucleus estate is a cane plantation that is controlled or owned by an 


individual sugar mill as a company. Private cane producers who supply a 
given mill with cane are known as outgrowers. 


See O'Connor, An Economic Geography of East Africa (London: G. Bell and 
Bosal tthe, 1.97 lea Ds, bce 
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at Mumias in the Western Province, which became operational in 1973, was 
the fifth mill to be established in the country. There are plans to 
establish more sugar mills in the major cane-producing zones in order to 
Process more sugar and be able to cope with the fast growing demand for 
Sugar in Kenya. | However, the establishment of more sugar mills on its 
Own cannot overcome the problem unless strong measures are taken to 
Promote cane production and ensure that cane Supplies to the mills are 
maintained steadily in order to keep the mills operating at close to their 
rated capacities throughout the year. Seasonality of cane deliveries to 
the sugar mills is one of the major causes of the widespread problem of 
underutilization of the mill capacities.* 

Two of the sugar mills in Kenya, that is Ramisi and Miwani mills, 
are owned wholly by private companies. Muhoroni mill is owned by a private 
company, but the Government has some shareholding. The Chemilil and Mumias 
mills are owned wholly by the Government. Private firms manage their mills 
while the Government hires professional managing agents to run its mills 
on a contract basis. However, the Government has the overall control of 
the Kenya's sugar industry through (i) its regulation of the domestic 
prices of both the cane and the sugar; (ii) its control of both the 
domestic and the foreign trade in sugar; and (iii) its responsibility in 


designing and implementing cane and sugar production programs. 


"nt the time of writing this thesis (1979/80), the sugar mills being 


constructed at Awendo in South Nyanza and Nzoia in the Western Province, 
are about to become fully operational and this will substantially raise 
the level of domestic production of sugar. 


eMinistry of Agriculture, Economic Review of Agriculture, Vol. 7, No. 1, 
January-March, 1975 (Nairobi: Government Printer, 1975). 
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The sugar mills have technical staff to manage and supervise the 
production of cane in their nucleus estates. The provision of extension 
services to the outgrowers (i.e., advice to farmers on cane production), 
is undertaken by the field officers of the Ministry of Agriculture and, 
in some areas, by the officers of either the Ministry of Lands and 
Settlement or the Ministry of Co-operative Development. In all cases, 
these technical officers endeavour to promote cane production in order to 
raise the level of sugar production in the country. In 1972 the Government 
established the Kenya Sugar Authority and entrusted it with the responsi- 
bility of promoting and fostering the development of cane and sugar 
production in the country. However, the Authority has so far been 
functioning in an advisory role to the Ministry of Agriculture and has 
been involved mainly in appraising schemes for the development and 
extension of cane and sugar production, in addition to the reporting of 


cane and sugar statistics to the Ministry of Agriculture. 


The Government Sugar Policy 


In the pursuit of a self-sufficiency sugar production policy, the 
Government has taken various measures in order to stimulate both cane and 
Sugar production in Kenya. The pricing of both the cane and the sugar has 
been the major policy instrument employed by the Government in an 
endeavour to attain the self-sufficiency goal in sugar production at the 
earliest time possible. Other measures have involved the encouragement 
of private investment in the sugar industry, often including direct state 
participation in such investment projects, and the provision of technical 
advice to cane producers on how best to produce cane for sugar processing. 


A mix of all these measures has been expected to stimulate sugar production 
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in the country. | 


Progress toward self-sufficiency has been relatively slow in the 
case of sugar, when examined against the background of the current levels 
of production of the major foods or food Products in Kenya, because 
consumption has been increasing faster than anticipated, while production 
has been lagging below the target since 1963.° The country has continued 
to import sugar in order to meet its domestic Sugar requirements. However, 
the proportion of sugar imports to the total Sugar consumption in Kenya 
has dropped from well over 65 percent prior to 1963 to about 25 percent 
(1977 estimate). 

One of the Government's main objectives for a policy of self- 
sufficiency is to reduce imports and save foreign exchange. However, the 
Government is also concerned about the consumer welfare. An increase in 
cane price in order to stimulate sugar production has usually necessitated 
an increase in the price of sugar in order to cover the production cost. 
Such increases in sugar price could adversely affect Sugar consumption, 
depending on the nature of sugar demand function. Hence self-sufficiency 
could be achieved at the expense of consumer welfare, which is undesirable, 
and a balanced sugar pricing policy would appear to be warranted. 

The price uncertainty that has characterized the world market for 
sugar is also cited as a reason for promoting a self-sufficiency Sugar 
Production policy in Kenya. For instance, the relatively high level of 


the world market sugar price during the early 1970s is said to have 


VS 66 Government of Kenya, Development Plan, 1974/78 (Nairobi: Government 
Printer, 1974). 


“Ibid, pp. 239-241. 
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reinforced the desire by the Government for a self-sufficiency sugar policy 
in Kenya. This desire led to the allocation of large sums of money to 

the development of the sugar industry in Kenya: out of the total planned 
agricultural development expenditure during the 1974/78 Plan period, 5.8 
percent was to be spent on sugar development. This percentage represents 

a substantial expenditure on the development of a Single agricultural 


commodity. ! 


The Need for and the Usefulness of the Study 


As the section on the review of literature will show, little 
information is published about the structure, conduct and performance of 
the sugar industry in Kenya. There is an informational gap on the nature 
of supply and demand functions. Although a pricing policy has been used 
as the main instrument by the Government in its efforts to make Kenya 
self-sufficient in sugar, not much is established about how responsive 
the production, supply and consumption of sugar in Kenya are to price 
changes. Sugar production and expansion programs have so far been planned 
on the basis of the estimates of sugar supply and demand elasticities made 
by the Food and Agriculture Organization (FAO), which are becoming 
outdated.* 


This study purports, inter alia, to close the informational gap 


on the sugar industry in Kenya.> Hence the major usefulness of the study 


veovernment of Kenya, Development Plan, 1974/78 (Nairobi: Government 
Printer, 1974). 


2ra0, Agricultural Commodity Studies and Projections (FAO, Rome: Various 
Issues). 


3The study is an integral part of the studies now being undertaken by the 
Department of Agricultural Economics, University of Nairobi, to generate 
information principally for teaching purposes. 
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lies in (i) the improvement of the knowledge about the structure, conduct 
and performance of the sugar industry in Kenya, especially with regard to 
the nature of supply and demand functions for sugar in Kenya; (ii) the 
analysis of the effectiveness of the Government policy on the performance 
of the sugar industry in Kenya; (iii) the establishment of the time period 
when Kenya might become self-sufficient in sugar, through the projections 
technique; and (iv) the development of a market model that could find a 


useful application in the improvement of the sugar industry in Kenya. 


Objectives of the Study 

The Statement of the Problem 

The primary objectives of this study are (a) to determine the 
nature of demand and supply functions for sugar in Kenya, and (b) to 
evaluate performance of the sugar industry in relation to the self- 
sufficiency goal under the current Government policy on sugar in Kenya. 
Projections of sugar production and consumption in Kenya over the next 
One decade are then done in order to ascertain the period when the country 
is likely to attain the self-sufficiency status. The cane producer's 
responsiveness to price changes is expected to directly influence the 
amount of sugar that can be produced. Hence an evaluation of the degree 
of responsiveness of cane production to price changes is considered a 
useful step toward closing the information gap. A secondary objective of 
the study is to develop a market model which could be useful when designing 


an improvement program for the sugar industry in Kenya. 


Specific Aspects of the Problem 


The following is a breakdown of the main aspects of the problem 


that are examined relative to the sugar industry in Kenya: 
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1. Determination of the degree of responsiveness of cane 
production and sugar supply to cane and sugar price changes; 

2. Evaluation of the impact of the prices of alternative crops 
on the production and supply of sugar; 

3. Determination of the coefficient of adjustment of cane 
production and sugar supply to cane and sugar price changes; 

4. Determination of the degree of responsiveness of consumption 
of sugar to sugar price changes; 

9. Determination of the degree of responsiveness of sugar 
consumption to income changes; 

6. Determination of the impact of the world market sugar price 
on the Kenya sugar price; 

7. Evaluation of the effectiveness of the Government sugar policy 
on the performance of the sugar industry; and 

8. Projections of the quantities of sugar produced and consumed 
in Kenya over the next two decades and an assessment of the implications 


of these projections relative to the self-sufficiency production policy. 


Hypotheses 

Some minor hypotheses might be developed in the process of the 
analysis, and the following are the major hypotheses that are examined 
relative to the sugar industry in Kenya: 

1. Cane production and sugar supply are responsive to changes in 
cane and sugar prices; 

2. Sugar production is adversely affected by maize production, 
the main alternative enterprise in the cane-production zones of Kenya; 

3. There is a lag in adjusting the level of cane production and 


Sugar supply to the desired levels following a change in the cane and 









“ é tmt>t i] i 
4 i ~/ at 3 a 
“ 
fil ‘ira ae 
Ps 7 - en UT poy sid 
> Pi. 
. sao le pe = 
= be | 
: - Vi@gy4 
: 
bev 
d Ps Vinee 
- ‘ 
' 5 ah - rajat 
‘ 
~ 
, he Ie 
~—. 5 ie 
fd : 
* s. 
sf) Spe 
= i« 
. 
“ry : aren) ) to 
‘ ~ 63560" 
ry ; 
* Reeow 
> i. 
. » 
rl 
~ - 1 220 °CE aug we? fe" 
4 ae 
: r " rf te, 54 +! ~ A 7 ; 7 ’ . 
~ 4 -wewedy 
et ; 


% 


ed no ot ni hegore ints oc eh SOU Viapoe yarns y a 


pity? Whe St Su LOOT ONS ahaa 


nal 


ines “at SS eabar ane: oy Oo OVE 











ae 
- oy go yl door *Spge.hee wars 4 ution Seed be 
a ; . < mae a : 
a “Seon ati . 
d * ¢- x 





ghtdodo; ecto, yd betostia x faenavhe 2} tolssubeay 
ti : | af woe 

















= 7. 
-. ri & > - 
De b 27 SS > 


hnae aaa 


ri 





- ® 


at ae i > 


Sugar prices; 

4. The demand for sugar is responsive to changes in sugar price; 

5. The demand for sugar is responsive to changes in disposable 
income; 

6. The Kenya sugar price is correlated to the world market sugar 
price; 

7. The Government sugar policy has been effective; and 

8. The sugar industry in Kenya can be expected to achieve the 


self-sufficiency status by the end of the 1980s. 


The Organization and the Scope of the Study 

The study is based mainly on the analysis of the time series data 
on production, consumption and prices of sugar in Kenya. The period 
covered is from 1955 to 1976. This period is chosen for two major reasons: 
(i) data availability; and (ii) possibility of comparing the performance 
of the sugar industry about a decade prior to and after Kenya's political 
independence which was attained in 1963. Production, consumption and 
price data for sugar and competing enterprises for the period covered are 
documented and the records can be considered to be accurate and reliable. 
There is little recorded information about the small-scale agriculture 
which was being carried out by the African population in Kenya prior to 
1955. The colonial government in Kenya initiated the first program to 
Promote general agriculture on a nation-wide basis, under the so-called 


Swynnerton Plan, after 1954, ! 


Baas for example, Heyer, J., et al., Agricultural Development in Kenya: 
An Economic Assessment (Oxford University Press, Nairobi, 1976), pp. 


125-147. 
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The basic assumptions of the analytic models in any study impose 
certain restrictions that generally reflect the scope of the study. Hence 
one should consider such restrictions in the evaluation of the analytic 
results. The utility-maximization assumption plays a major role in the 
choice of models for demand analysis. This assumption will be reviewed 
in the chapter on economic theory. The profit-maximization assumption 
plays a major role in the choice of models for supply response analysis. 
Therefore, a comparison of the relative profitabilities of the alternative 
enterprises that can be carried out in the cane-production zones of Kenya 
is considered a useful step toward determining the likely pattern of 
Production if the producers were motivated by the desire to maximize 
profits. The information generated can also aid in the choice of the 
alternative enterprises that could be considered as competitive to cane 
and sugar production. 

This study is not concerned with the comparison of the sugar 
production costs in Kenya with those obtained in other sugar producing 
countries and is basically limited to the determination of the supply and 
demand functions for sugar in Kenya and the evaluation of the performance 
of the industry during the last two decades. However, some projections 
are done in order to determine the future trends in sugar production, 
consumption and imports. The results of such projections are expected to 
have some important policy implications. A review of the world sugar 
market is also done in order to depict the uncertainty that has continued 
to characterize this market and which has led many nations to promote 
their domestic sugar production toward a self-sufficiency goal. The study 


gives some special reference to the self-sufficiency food production policy 
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in Kenya, but does not attempt to evaluate the economic or social 
desirability of such a policy. Such an evaluation would likely involve 
additional value judgments. Therefore, the self-sufficiency policy is 
taken as a given goal that the country aspires to attain. 

The thesis is organized under six chapters followed by a list of 
selected references and appendices. The first chapter introduces the 
problem and gives a statement of the need for, the usefulness and the 
scope of the study. The second chapter gives a review of the world sugar 
economy, emphasizing those aspects that affect the international trade in 
sugar. A brief overview of the relevant economic literature on the world 
Sugar market is then presented. The third chapter discusses the sugar 
industry in Kenya, but a synoptic view of the role of agriculture and 
the agricultural development policy in Kenya is first presented before a 
presentation on the trends in domestic production, consumption and prices 
of sugar is offered. A review of relevant literature on the sugar industry 
in Kenya is then presented. The fourth chapter gives a review of the 
economic theory and the methods of analysis that are considered useful in 
the understanding of the study. The fifth chapter presents an appraisal 
of the data that were used in the study followed by a discussion of the 
evaluations and applications of the analytic results. The evaluations 
include the testing of the hypotheses. The sixth chapter presents a 


summary, conclusions and recommendations of the study. 
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CHAPTER II 
A REVIEW OF THE WORLD SUGAR ECONOMY 


Introduction 

The sugar industry has evolved since the late 19th century, and 
has had a rapid growth in both the production and consumption since then. 
The rapid expansion of the industry in recent times can be demonstrated 
by the fact that the volume of sugar production and consumption doubled 
during the period between 1950 and 1965, and is expected to triple by 
1980. | 

In recent times, sugar has become one of the major agricultural 
exports of developing countries. In the 1960s, sugar as an export of 
developing countries was surpassed in value only by coffee and natural 
rubber. Hence sugar is an important source of income and foreign exchange 
earnings for many of the developing countries, and any improvements in the 
international sugar trade situation are of great interest to the deve loping 
countries. The recent moves by many nations to develop their own sugar 
industries and produce toward self-sufficiency, regardless of the cost of 
production, is seen as a great threat to the future of the international 
trade in sugar. Such moves toward greater self-sufficiency by many nations 
can be expected to adversely affect the incomes of the major sugar 
exporters, who are members of the developing countries. 

The tendency by many nations toward greater self-sufficiency in 
Sugar during the last two decades can be illustrated by the fact that 


SSF 


Teno, The World Sugar Economy in Figures, 1880-1959 (Commodity Reference 


Series 1, Rome 1961); and FAO, Agricultural Commodity Review and Outlook 
(Rome: FAQ, Various Issues, 1955-1979). 


12 















i! Dirt “oF 
by 44 . 
} ‘) 
_ i 
aa ay 
ij 
7) « 2 
PP PASS. er ond dgsae a 
; 
a 4 t ?— 4 
Tat aitren | 3148 > mitqtiavee Thee 
" : . 
; ' 7 r ' ¢ Saal c een rrwes 2 
a> iis 3 iPaagoie vs! static «a 2) 3egwe Sone 
: 
, NO? | ay 3 TG View 7Hy ag nr 
. eben aa lenstee 
. = - 
iss ws 730 4 Vi) ie: if V Ga eoet sat 
: / ‘ uri ee - WY Ger ny “A See & 
>, = = 
7 ; ‘ ob 7 ry 
\ 3° Pits «aha ti i a= Ta4 al 2t © nor, ; 
as - ; re Aa 


oe fot ea 
3% iqetol Pees) Keresl> ON ise 2a es eae nf Sie, 
ct aie to cea Learn ee 
ae 
, ; / : i 
rat rea iiea : 'WOLBVE 5) Sai oe Bete re ani 2490 =? 


.*! 14Je7 Dvehted whe! re id “ysnbintws att * 


@ 
; Pe a o> es 
%* cast sftt yt Sanyrr2utl? séngd. 2abeaeh om Gaae 2 ont 
= eo 









Hi canny) > eet Fail sts 
> /< ‘ os Ponape Tier im 


a silica ia 





while the world sugar production and consumption during the 1950-1970 
period rose by annual averages of 5.6 percent and 5.8 percent respectively, 
the world net exports of sugar grew by an average rate of 3.1 percent per 
annum. | The overall ratio of production to consumption is found to have 
increased primarily in those countries that were initially both producers 
and importers of sugar. The steady decline in the ratio of world net 
exports to production for sugar is further demonstrated by the fact that 
the ratio was 31.4 percent during the 1951-1955 period, but had declined 

to 25.1 percent by the end of the 1966-1970 period.< 


The tendency toward greater self-sufficiency in Sugar has had the 


consequence that the ratio of exports to production of sugar in developing 


countries fell from 53.6 percent during the 1951-1956 period to 39.7 percent 


by the end of the 1966-1970 period. However, the share of the developing 
countries in the world production of sugar remained fairly stable during 
the same period: this share was 49.6 percent during the 1951-1956 period 
and 50.4 percent during the 1966-1970 period. Cane and beet are the two 
main alternative raw materials from which sugar is processed. The share 
of developing countries in beet sugar production rose from 3.5 percent to 
9.0 percent, while their share in cane sugar production remained at 80 
percent, during the 1951-1970 period.° Developed countries predominate 
in beet sugar production. 

Table 2-1 gives the recent world sugar production and consumption 


data. However, the consumption figures do not include the sugar used in 


Th, Grissa, Structure of the International Sugar Market and Its Impact on 
Developing Countries (Paris, France: OECD, 1976). 
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TABLE 2-1 


World Production and Consumption® 
Figures, 1960/70-1976 





ee ee ee ee 
1960-70 1970 1971 1972 1973 1974 1975 1976 
Average 


*PRODUCTION (million tons, raw Sugar) 


World Total: 61.06 [raes: Leck Hess 76.32 80.02 79.31 Slice 
(i) Developed 
Countries: 18.02 20.82 20.64 23223 22.97 Zewau 21.57 24.48 
Western Europe 9.4] 11.16 VO273 12.48 iol 12.10 Des 12.88 
North America 4.81 5.18 523), 5.48 5.96 5.20 5.19 6.46 
Others 3.81 4,48 4.64 5.27 5.40 5.00 ie | 5.14 
(ii) Developing 
Countries: 21298 35.56 34.54 32.89 36.76 39.12 A151 40.28 
Cuba: 5250 8.43 6.01 4.39 535 5.94 6.24 5.69 
Other Latin America Tea74 14.03 Seo 15.82 lwe03 18.80 18.94 17.94 
Far East & Oceania 6.41 8.84 8.54 Hosa 9.05 9.82 Wete 11.42 
Near East Les7 1.74 1295 Sts! Dele 2.19 2 aA! Dee, 
Africa 1.92 2.52 2s ene 2.84 2.94 2.94 Se | 
(iii) Centrally Planned 
Countries: 2 eo 16.25 16.92 16.01 16.86 18.03 16223 16.56 
Eastern Europe 4.17 3.80 3.69 3.94 4.4] 4.22 4.13 4.43 
USSR 8.06 8.85 9.23 8.02 8.32 G47 7.80 7.70 
China 2.89 3.6U 4.UU 4.05 4.13 4.34 4.30 4.43 
*CONSUMPTION® (million tons, raw sugar) 
World Total: 58.80 70.89 72.56 75.11 77.31 78.81 78.07 81.00 
(i) Developed 
Countries: 26.4] 29.65 30.23 30.50 Slee Sitss7 29.63 30.30 
Western Europe 12.42 Iseot 14.09 13.85 14.08 14.58 14.54 14.30 
North America 10.30 41237 11.734 11.42 11.67 11.32 10; 52 11.00 
Others 3.69 4.74 4.80 5.19 5.35 3.47 5.57 5.00 
(41) Developing 
Countries: 18.54 ae ee 24.80 25.63 26.48 27.14 27 .88 29.80 
Latin America 8.54 Welerzs' 10.54 Ine2s ileras' 12.20 os o- 
Far East & Oceania Se ol Tea 8.42 SHH 8.10 8.10 . o* 
Near East 2251 Ske Sa33 3.42 3.82 4.40 ve re 
Africa 1.89 aN 2.51 2.81 2.78 2.80 . +. 
(iii) Centrally Planned 
Countries: 14.85 18.02 res56 18.98 T9e7 5 20.30 20.56 20.90 
Eastern Europe 3.42 4.00 4.10 4.04 4.16 4.22 . .- 
USSR 8.80 10.20 10.40 10.80 1220 11.50 se o. 
China 2055 3.54 3.74 3.86 4.10 4.3] + +e 
Others 0.24 0.28 0.29 0.28 0.27 Oe27 o- o° 
*CARRY-OVER STOCKS (million tons, raw sugar) 
World Total: 17.00 21.20 19.00 17.00 15.70 15.90 20.40 11.50 





-- Not Available 


te xcludes consumption in non-food uses, and the sugar in exported products that have not been 


allocated to individual countries. 


consumption. 


SOURCE: 
Rome: 1958-1979). 


Therefore, slightly understates the true sugar 


Synthesis from various issues of the FAQ, Commodity Review and Outlook (FAO, 
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non-foods and the sugar in exported products that have not been allocated 
to individual countries from year to year. Hence the consumption figures 
do not adequately reflect the fact that there have been certain periods 
when consumption in a given year has greatly exceeded production in that 
year, leading to high sugar prices, for instance during the early 1970s. 
Nevertheless, the excluded consumption only contributes a small amount to 
the total so that the given figures do indicate the general trend in world 
Sugar consumption. 

The rate of growth in sugar consumption has been greatest in low- 
income countries. Depending on the level of per capita income in different 
countries, regression analysis has shown that income and the retail price 
of sugar do explain from 60 to 85 percent of the observed variation in 
Sugar consumption among countries. Comparisons of the prices of various 
food items with the price of sugar over the last three decades indicate 
that sugar has, on the whole, become cheaper relative to the other foods. | 
Sugar continues to be a major export of developing countries, the major 
surplus-producing countries being in Central and South America, with Cuba 
and Brazil as the leading producers. 

The overall rates of growth in sugar production and consumption 
Started to decline towards the end of the 1960s. For instance, the average 
rate of growth in production for the entire period between 1950 and 1970 
was 5.6 percent, the corresponding figure for the average rate of growth 


in consumption being 5.8 percent,< whereas the average rate of growth in 


TEAO, Monthly Bulletin of Agricultural Economics and Statistics (Vol. 9, 
No. 1, pp. I-10; and Vol. 9, No. 2, pp. 1-12). Rome: FAO, 1960. 


en. Grissa, op. cit. 
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sugar production for the 1963-1973 period was 3.3 percent, the 
corresponding figure for the rate of growth in consumption being 3.6 


percent. | 


The average annual increases in per capita consumption of sugar 
for the 1963-1973 period were 13 percent in developed countries (to an 
average of about 40 kg), 30 percent in the centrally planned countries (to 
an average of about 43 kg in USSR and Eastern Europe and 4 kg in Mainland 
China), and 21 percent in developing countries. As the situation stands 
at present, the general concensus is that the major areas in which Sugar 
consumption can be expected to increase lie in the Mediterranean and 
African countries. Imposition of various taxation and trade protection 
measures for sugar in these countries in the past has resulted in high 
Sugar prices which have tended to discourage increased sugar consumption. 


The Sugar Marketing Problem and the Organization 
and Regulation of International Trade in Sugar 


The Sugar Marketing Problem 

The world sugar market has been characterized by large fluctuations 
in price for a long time. Overproduction of sugar during certain years has 
led to depressed prices. The depressed prices have tended to discourage 
production in the predominantly sugar exporting countries for the period 
following such prices. On the other hand, underproduction of sugar at 
certain periods has led to high prices. Such high prices have had a dual 
role: (i) they have tended to discourage sugar consumption, particularly 
in the sugar importing countries, while (ii) inducing expansion of 


production, especially in the sugar exporting countries. The outcome has 


‘eno, Agricultural Commodity Projections, 1970-1980, Vol. I (Rome: FAO, 
1971), p. 173; and FAO, Commodity Review and Outlook (Rome: FAO, Various 


Issues, 1955-1979). The percentage growth rate figures are expressed on 
per annum basis in all cases. 
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been a cyclic fluctuation of the quantities of Sugar demanded and supplied 
in the world market. For example, world sugar surpluses during the period 
1965-68 led to depressed prices, while acute Sugar shortages in the early 
1970s led to the highest recorded sugar price in 1974 (see Table 2-2). 

The sharp increases in the world sugar price during the 1970s 
could be attributed to two phenomena: (i) modifications in the market 
structure; and (ii) a faster growth in world sugar consumption relative to 
world sugar production. The modifications in the market structure comprised 
the enlargement of the EEC, particularly with regard to the accession of 
Great Britain (UK) to the EEC, and the changed attitude toward developing 
countries and their opportunities for access to the markets of developed 
countries. In addition to these factors, renegotiations of sugar trade 
agreements in general have greatly modified the market structure. The 
decline in world sugar stocks is another factor that has normally resulted 
in sharp increases in the price of sugar in the world market. The 
indications are that the world price tends to increase sharply when the 
world sugar stocks are less than 25 percent of the world consumption, and 
that this phenomenon is likely to occur in a cyclical pattern once every 
decade. ! Table 2-2 gives the world market prices of sugar for the period 
1960-1976, including a summary of the corresponding total sugar production 
and consumption figures. These figures generally confirm the preceding 
observation on the movements of the world sugar price. 

Gemmil]l has recently demonstrated that the cycle generated in the 
world sugar market can be described by the traditional cobweb model, if 


the model is modified to allow for the generation of long cycles and 


Vevnthesis from various issues of the FAO Commodity Review and Outlook 
(Rome: FAO, 1955-1979). 
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TABLE 2-2 


World Sugar Production, Consumption? and Carry-Over 
Stocks and the World Market Sugar Price, 1960-1976 


[Production, Consumption and Carry-Over Stocks in 
Million Tons of Raw Sugar; Price in US Cents per 
Ib., f.0.b. Caribbean Ports]. 


are en ee YY pects! 


: : Carry-Over : 
Year Production Consumption Stocke Prices 


a is 


1976 ot.s 81.0 hid as) 112.50 
1975 2Oe3 182 20.4 20.44 
1974 80.0 78.8 RSS 29.66 
1973 ions Lies Lon? 9.45 
iaTe tea 1504 Wu foes 
197] 7251 73.4 1920 4.50 
1970 72.6 70.9 ci2 3.68 
1969 68.1 68.4 13.3 a ae 
1968 66.4 65.5 tS yes 1.90 
1967 64.7 63.4 iS ey 1.87 
1966 63.0 61.7 18.6 1.20 
1965 66.1 BoAC 18.4 2.03 
1964 66.3 Do. a, ashe 
1963 54.8 47.8 10,3 Seca 
1962 ey eR 53.4 13.0 SeLU 
1961 bile. 8 8925 1Ske £.9U 
1960 54.9 aya 13.4 3.14 


a 


The consumption figure excludes non-food uses of sugar and sugar in 
exported products not allocated to individual countries during the 
given year. 


SOURCE: Various issues of FAO Community Review and Outlook, (1960- 
1979); See Table 2-1. 
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appropriate supply function. The modifications have been based on the 
postulate that the international supply of sugar is elastic while the 
international demand for sugar is inelastic. | 
The incidence of cyclic fluctuations in the quantities of sugar 
demanded and supplied in the world market has been of major concern to 
most national governments. This concern is evidenced by the many special 
arrangements or agreements that have been made between and among nations 
in an effort to control or regulate the international trade in Sugar. 
Besides, the uncertainty in the world sugar economy has induced many 
national governments to try and develop their own sugar industries--to the 
extent that such industries have to be protected by a national policy 
because the cost of production is in excess of the sugar price that can 
be obtained at the world ee market. The pursuit of a self-sufficiency 
policy in sugar production by many national governments basically aims at 


avoiding the uncertainty in the world sugar economy.“ 


Organization and Regulation of Sugar Trade 


The first international concern over the sugar marketing problem 
can be traced back to the West European Sugar Convention of 1864, which 
became the forerunner of the International Sugar Agreements (ISA). The 
first ISA was signed between the sugar exporting and importing countries 
in 1937, and this Agreement has been renewed, subject to modifications, 


five times since then. The ISA is only one of the many agreements or 


fe Gemmill, "Asymmetric Cobwebs and the International Supply of Cane- 


Sugar," Journal of Agricultural Economics, Vol. 29, No. 1 (UK, 1978), pp. 
9-21. 


2ea0, Commodity Review and Outlook; and FAQ, Monthly Bulletin of Agricultural 
Economics and Statistics (Rome: FAO, Various Issues, 1955-1979). 


{ fil 
{ i a>" al 
> } wwe 1. 
‘ 
i 
4 
i 
a) 
‘ 
> 4 Mego 
t 
vue 4 ; 
* ; 
‘ 
i 
y 
‘ 
he 4) by 
~ 
i 4s 
+o 
£ 
ee ° € - 4 
: J ‘ Pad = 
- ‘- 
‘ \ ’ ~ 80 
hwrer i ~ a as 
i \ 








e 


—-— | ' 4 inl Cs 


at 
oie 


‘ 
‘ 
a 


et! 


“ht < ‘wag 


7 W agony ng : 














, 7 , 
fen imei 
et espa 
’ } O23 
Vaal 
aey 
5 os7gh anor ~ 
iii 23 rots, ne: 
ows’ i ahatertaom eg .2ebFe 


y an 
Zi whiTesyop Tafa bs 


a he ’ 
ice a 
; i) naroubal aouzd Seas net 
7 ya 
ht ar reve we ats ones 2 
+ a" 
cw 2 ow ofl te banigid 
tty a Seng Meede at 
i: t 4295 BT? . sa 
i. 16 ay gee 


a 2+ 
wo bene deowebn qomt® ¢ be 


ize 4 : gone based of 


% 


aii tapes ‘on 4 This 


VEbat 


t+ nagnedd wgnge 2ew het ar 
od ,.oed 2 nomen att 2 bist) i . 


SF MRL att il. stk 






a 






zitgarlaS sng ; onan oY 






20 


special arrangements that have been made over the years to control or 
regulate international trade in sugar. In fact, the ISA has now become 
more important as an instrument of international sugar trade regulation, 
mainly as a result of the expiry of the United States Sugar Act and the 
accession of the United Kingdom to the EEC,and will be examined in a 
Separate section. 

Many factors interplay to complicate the organization of the world 
Sugar market. First, about 62 percent of the world Sugar iS produced from 
cane, the rest being produced from beet. | Second, cane sugar is cheaper 
to produce, but beet sugar production is subsidized or protected by a 
national policy in many countries, particularly in the Western nations. 
This pattern results in lack of uniformity in production and the adoption 
of different trade protection measures among countries. All these factors 
make the organization of the world sugar market difficult. United Nations 
Conference on Trade and Development (UNCTAD) has recently been involved in 
attempts to organize the world sugar market. For instance, the UNCTAD has 
been responsible for the organization of the United Nations Sugar 
Conferences, whereby sugar exporters and importers have met to discuss how 
best to solve the sugar marketing problem. Their commitments have normally 
been expressed through the ratification of the provisions in the prevailing 
or pending International Sugar Agreement (ISA). 

International trade in sugar has for a long time been organized 
under the following special markets: 


(i) the three large preferential markets, delineated and governed 


liso, International Sugar Collogium: Official Report (London, 1975)--ISO 


stands for the International Sugar Organization, whose headquarters are 
based in London, UK. 
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by the United States Sugar Act, the Cuba East Bloc (Socialist Countries) 
Agreement, and the Commonwealth Sugar Agreement (CSA); 

(ii) the European Economic Community (EEC) sugar market, governed 
by the EEC Sugar Marketing Order (a late-comer in the world Sugar market 
scene) ; 

(iii) the residual free world market, governed by the International 

Sugar Agreement (ISA). The so-called free world market only handles about 
10 percent of the total world trade in sugar, while the three large 
preferential markets handle over 50 percent of the world trade in sugar. 

The core of the original EEC sugar marketing order was to establish 
for the Community (a) a guiding price; (b) a common sugar bureau; (c) a 
system for skimming off cases of cheap imports from other countries; and 
(d) a sugar stabilization fund from which export subsidies could be paid. 
The EEC sugar policy aims at self-sufficiency, with a long-term objective 
of attaining a net surplus position. This policy is not based on economic 
grounds and has been criticized as being an example of a situation in 
which the developed countries have combined to appease domestic pressure 
groups at the expense of developing countries who could probably supply 
Sugar to the community more cheaply. 

Originally, the CSA involved the government of the United Kingdom 
(UK) and its former dominions or colonies. Such dominions or colonies 
included Australia, Antigua, Barbados, Jamaica, St. Kitts, St. Lucia, 
St. Vincent, Trinidad, Guyana, Mauritius, Fiji, Kenya, Uganda, Tanzania, 
British Honduras, India, Southern Rhodesia (excluded since 1965), and 
Swaziland. The CSA, which was first signed in 1950 and was operational 
until 1974, provided for a long-term arrangement for: (i) developing of 


sugar production in the former British colonies, (ii) orderly marketing 
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of that sugar, and (iii) supply of Sugar to the United Kingdom from the 
Surplus producing countries among the CSA Signatories. The CSA provided 
for export quotas and also preferential trade within the Commonwealth 
countries (formerly British Colonies); it later included preferential 


sales of sugar to Canada. | 


Among other features of the CSA, the members 
had to agree on a common price based on Sugar production costs. They also 
had a common undertaking to work for an International Sugar Agreement 
(ISA). Since the CSA did not provide enough export outlets for its members 
and about half of their exports had to fall to an unprotected world market, 
an ISA was seen as an essential concomitant for the CSA. With the United 
Kingdom's accession to the EEC in 1974, the CSA ceased to operate, but the 
former signatories of the CSA were offered either associate membership of 
the EEC, or a trade agreement .° 

Large fluctuations in the price of sugar in the market, despite 
the existence of carry-over sugar stocks, do reflect some degree of lack 
of market co-ordination. The ISA was instituted as an instrument to try 
and smooth out such fluctuations. However, the nature of the world sugar 
market is such that only a small proportion of the internationally traded 
Sugar now falls under the jurisdiction of the ISA. For example, about 
75 percent of the annual world sugar production is estimated to have been 


sold in protected domestic markets during the last two decades; about 50 


percent of the remainder has been sold under special arrangements, notably 


'p, Jones, "The CSA and the EEC." Bulletin of Oxford University Institute 
of Economics and Statistics, Vol. 29, No. 3, 1967, pp. 211-232. 


ecee S. Harris and I. Smith, "World Sugar Markets in a State of Flux," 


Agricultural Trade Paper No. 4, Trade Policy Research Centre, London, UK, 
1973. 
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the United States Sugar Act (USSA) quotas, the negotiated price quotas 
of the Commonwealth Sugar Agreement (CSA), and the trade agreements between 
Cuba and the Centrally-planned or Socialist countries. After the United 
States diversified its sources of sugar supply following its break with 
Cuba in 1960, most developing countries who export sugar had one or more 
preferential export outlets covering the bulk of their sugar exports in 
most cases. | 

The situation of trade organization has changed since the expiry 
of the United States Sugar Act in 1975 and the accession of Great Britain 
(UK) to the European Economic Community (EEC) in 1974. After these latest 
developments in the world sugar economy, the world sugar market may now 
be divided into: (i) Members of the ISA; (ii) Non-members of the ISA who 
are Net Exporters; and (iii) Non-members of the ISA who are Net Importers 
in the Free Market. Members of the ISA include (a) countries with basic 
export tonnages (BET), and (b) countries with export entitlements, such 
as USSR, GDR, and small exporters. The EEC and the United States now fall 
under the last two categories of the world sugar market, the EEC having 
become self-sufficient in sugar in the late 1970s. 

The International Sugar Agreement (ISA) and the 
Latest Developments in the World Sugar Economy 

International Sugar Agreements (ISA) have basically regulated the 
residual market outside the preferential markets governed by special 
arrangements or agreements as outlined earlier. Although the details of 
each ISA may have varied from one agreement to another, the main objectives 
] 


FAO, Agricultural Commodity Projections: 1970-1980, Vol. I (Rome: FAO, 
1921) dupe! di/3. 
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of the ISA have been: 


(i) 


(vi) 
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] 


Price stabilization, usually through price and quota 
provisions; 

Resolving the imbalance between the production and 
consumption; 

Devising means to promote and increase sugar consumption; 
Co-ordination of marketing policies; 

Observing closely the developments in the use of any form of 
substitutes for sugar; 


To further international cooperation in sugar questions. 


These ISA seem to have worked well, though there have been difficulties in 


renewing them upon expiry from time to time. For example, the third ISA 


(signed in 1958) worked well until 1960 when Cuba demanded a higher market 


Share and oversold its quota by more than a million tons: this led to an 


immediate suspension of the quota and price provision of the 1958 ISA 


until the next agreement was negotiated in 1968 through the efforts of the 


UNCTAD. 


In the absence of an effective ISA to control sugar supplies, a 


Situation which has occurred from time to time when the signatories to the 


ISA have been in disagreement, the irregular expansion of production has 


resulted in wide price variations in the non-preferential world market 


(i.e., the free world market) .< The main problem which has weakened the 


ISA, leading to deadlocks in negotiations at times, appears to stem from 


Ten, Monthly Bulletin of Agricultural Economics and Statistics, Vol. 1/7, 
No. 12 (Rome: FAO, 1969), pp. 9-12. 


2ra0, Agricultural Commodity Projections, 1970-1980, Vol. I (Rome: FAO, 


1971), p. 
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the fact that the sugar importers have been in favour of quota and price 
provision, while the exporters have been opposed to this provision. This 
problem is evidenced by the failure of the UN Sugar Conference in October 
1973 to resolve the differences between the importers and exporters, before 
the ISA could be renewed. The importers, represented by Canada and Japan, 
wished to retain the 1968 ISA price levels in the new (1973) ISA, but the 
exporters wanted to have an increase in price levels. Further, the 
exporters wished to have the importers indicate purchase commitments in 
order to set an effective base to the market, but most importers were 
unwilling to go that far. The smaller exporters were not satisfied with 
the proposed allocation of quotas in the 1973 ISA proposal. Consequently, 
the two sides were unable to agree on a range of prices or supply commit- 
ment prices, and all that remained of the ISA was an administrative 
agreement, with no economic clauses. The only agreement that was reached 
during this conference was the resolution that the International Sugar 
Council, the Executive Committee and the Secretariat should continue to 
operate in London for another two years from the beginning of 1974. 

The 1973/74 period was a turning point in the history of the 
world sugar economy. First, the ISA negotiations in October 1973 ended in 
a deadlock, leaving a weakened ISA which had no economic clauses but was 
administrative in principle. Second, the CSA ceased to operate in 1974, 
following the UK's accession to the EEC: the former signatories to the 
CSA, principally developing countries, were offered the option of either 
an associate membership or a trade agreement with the EEC. Third, the 
expanded EEC had to re-define its sugar policy in 1974 so that the new 
policy could come into operation by the summer of 1975. 


The fact that the EEC had not re-defined its sugar policy, primarily 
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due to the anticipation of the problem that the accession of the UK to the 
EEC and the expiry of the CSA would entail, was largely responsible for 
the position that the EEC took during the 1973 ISA negotiations. Basically, 
the EEC wished to enter negotiations as a net importer in any future ISA, 
despite being virtually one of the largest sugar producers. The EEC's 
objective was to pursue a production and marketing policy which would keep 
exports below imports, expecting to be allowed to dispose of its sugar 
surpluses on the world markets during the periods of generalized world 
sugar shortages. This objective might explain why the EEC did not sign 
the 1973 ISA, particularly because the EEC did not agree with the import 
quota allocations. Finally, the highest recorded real price for sugar was 
experienced in 1974 due to the high demand for sugar, which was coupled 
with generalized sugar shortages in the world markets during this year. | 

A series of steps were taken in an effort to solve some of the 
Sugar problems experienced during the 1973/74 period. First, a meeting 
was convened in February 1975 in order to re-define and strengthen trading 
relations between the former signatories to the CSA and EEC. This meeting 
came to be called the Lomé Convention of 1975 between the EEC and 46 ACP 
(African, Caribbean and Pacific) countries.“ The meeting focused on: 
(i) trade cooperation; (ii) stabilization of export earnings, particularly 
those from sugar; (iii) industrial co-operation; and (iv) financial and 
technical co-operation. An important outcome of this convention was the 


agreement that ACP agricultural exports could either have free access to 


lounthesis from various issues of the FAQ, Monthly Bulletin of Agricultural 
Economics and Statistics and the FAO, Commodity Review and Outlook (Rome: 
FAO, 1955-1979). 


ecoe FAO, Commodity Review and Outlook (Rome: FAO, 1974/75), pp. 35-36. 
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the EEC market if they fell under the common agricultural policy (CAP) of 
the EEC, or be covered under preferential schemes. Similar trade 
concessions were offered to the ACP, but the ACP states had to guarantee 
the EEC treatment as good as the most favoured nation in their trading, 
with no discrimination between member states. 

The second major step taken to solve the sugar problem after 1974 
was the initiation of negotiations for a 1977 ISA, to replace the crippled 
1973 ISA which had no economic clauses. Since the CSA had become defunct 
with the accession of the UK to the EEC and the terms of UK's relationship 
with the former CSA signatories had been re-defined, the EEC would have 
been expected to be compromising during the negotiations for the 1977 ISA. 
Further, the United States sugar Act had expired by 1975, and the United 
States was expected to be a chief negotiator in the 1977 ISA conference. 
The draft of provisions for the sugar conference had been in preparation 
since the 1973 conference failed to achieve an effective ISA. 

The final draft of the 1977 ISA proposals included the following 
provisions: 

(1) an agreed price range from US $245 to $470 per ton (about UK 
£136 to £261 per ton);! 

(2) a reserve stock of 2.5 million tons held by quota-holding 
(exporting) members of the agreement under the control of the International 
Sugar Organization; 

(3) the creation of stocks is to be paid for by importers through 


a fee (of from 0.50¢ to 0.75¢ per 1b) to be paid on all imports of sugar 


The literature does not explain whether the term ton refers to the _ 
imperial or metric ton in most cases. One can assume that the term is 
used to refer to the metric ton unless otherwise specified. 
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Or on exports to non-ISA member countries: the fund raised will provide 
interest-free loans to exporters to cover the cost of carrying stocks; 

(4) fixing of Basic Export Tonnages (BET) for individual 
countries (this was the most difficult issue), i.e., the quota provisions. 

When compared with the previous Agreements, the ISA of 1977 is more 
flexible in many regulations. For instance, the obligations of importing 
and exporting member countries of the ISA to support quota and stock 
mechanisms is now more relaxed, and the so-called basic export tonnages 
(BET) are generously distributed; they even exceeded the net world import 
requirements in 1978 by 35 percent. BET are the export entitlements to 
producers under the ISA and it makes no economic sense to have BET in 
excess of net world import requirements. This move toward increased 
flexibility in the ISA (1977) was intended to induce more participants in 
the negotiations to ratify the Agreement. However, the move can also be 
expected to weaken the effectiveness of the Agreement, although the 1977 
ISA and its provisions can be said to reflect the structural changes and 
problems of the 1970s which have necessitated the consideration of more 
flexibility in future Agreements. 

The main objective of the 1977 ISA can be summarized as: (1) to 
provide secure supplies of sugar for consuming countries; and (2) to 
stabilize prices of sugar between US $245 and $470 per ton (equivalent to 
UKE 136 and 5,261 per ton). Despite the greater flexibility of the 1977 
ISA, the EEC and its ACP partners in the Lomé Convention did not sign the 
ISA because the EEC was still trying to solve some internal policy 
conflicts. The EEC Commission's original proposal for limitation of EEC 
exports was not accepted by the EEC Council, following France's opposition 


on the grounds that the EEC would not be able to dispose of the million 
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tons of sugar surplus if its exports were restricted. Basically, the 

EEC would have liked to have an export quota fixed under the 1977 ISA 
which allows for the disposal of the 1.3 million tons of Sugar imported 
under the Lomé Convention. However, the ISA price range of $245-$470 
compares favourably with the EEC's basic intervention price of $305 and 
a $288 guaranteed import price to ACP countries, so that, under the terms 
of the current ISA, the EEC and its ACP partners in the Lomé Convention 
may be expected to sign the ISA at any time. 

In addition to the EEC and its ACP partners in the Lomé Convention, 
the United States was another disappointment for the 1977 ISA negotiations. 
The United States also failed to ratify the 1977 ISA. The failure of the 
United States to ratify the 1977 ISA is of interest for two reasons: 

(i) the United States is the greatest importer of sugar in the world; and 
(ii) the corn sweeteners industry has grown relatively fast, and this 
industry now provides about 26 percent of the United States sweeteners 
market, the consequence being that the United States imports of sugar 
dropped by 30.5 percent in 1978. | 

The policies or programs which the United States adopts in 1979 
and onwards are likely to have a major impact on the growth and stability 
of the world sugar market. The already chronic problem of price fluctu- 
ations could be exacerbated by the threat of new competition from high 
fructose corn syrup (HFCS), the corn sweetener, whose production is being 
protected and expanded in the United States. The United States is not 


expected to ratify or declare its position with regard to the 1977 ISA 


Vy. Rivero, "Sugar and the US Congress in 1979," World Sugar Journal, Vol. 
1, No. 8 (1979), pp. 14-16. 
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before its domestic sugar policy is considered by the Congress during and 
after 1979. However, the United States signed a proclamation limiting 
Sugar imports from non-ISA members at the end of November 1978. The 
proclamation allows the United States to import small amounts of sugar 
from non-ISA members, but this move is seen as supporting the general 
cause of the ISA. 

In spite of the few disappointments that have been cited for the 
1977 ISA negotiations, the 1977 ISA was signed by 72 sugar importing and 
exporting countries. This agreement became effective in January 1978 and 
will remain in effect for a five year term. During that period, the 
agreement is expected to affect about 14 million tons of sugar, which 
constitutes about 14 percent of the world sugar production. Since sugar 
is a major export of developing countries, such countries could benefit 
by having access to the markets of developed countries. This point has 
been of greater consideration in recent UN Sugar Conferences, and is 
expected to become a major clause in future ISA negotiations. 

The World Sugar Economy: 
An Assessment and Outlook 

The ISA of 1977 purports to regulate the world sugar market by 
controlling the quantities of sugar exports (regulation of supply). This 
objective is to be achieved through the operation of a Special Stock Fund 
(SSF) which will be used to finance carry-over stocks of sugar in major 


exporting countries.° The current Agreement has been in operation for 


Ibid. 





2 See "Sugar in the Year 1978," Sugar Review, No. 1420 (UK, 1978), pp. 249- 
264. 
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about two years already, and preliminary effects of its presence can be 
assessed. The present situation (1979) is one of surplus: producer 
countries have invested heavily in developing production but consumption 
has stagnated in developed countries, though new market openings exist 
in some developing countries, such as China. At the end of the marketing 
year 1977/78, the world sugar stocks were at their highest level since 
the last 25 years. Large amounts of sugar stocks were still carried over 
in the 1978/79 crop year. | 

Despite the large amounts of sugar stocks which were carried over 
during the 1977/78 and 1978/79 marketing years, the world sugar market 
remained relatively stable for the following reasons: (i) nearly 40 percent 
of the sugar carry-over stocks were put aside as special stocks under the 
ISA, while (ii) about 50 percent of the carry-over stocks were in the hands 
of the members of the ISA, so that only about 10 percent of the carry-over 
stocks actually overhung the market. The downward pressure of the world 
sugar market is likely to be limited as long as (i) the ISA remains in 
effect, (ii) countries with high sugar stocks remain members of the ISA, 
and (iii) non-members of ISA, such as the EEC, do not expand sugar 
production. However, there are doubts if the market-stabilizing conditions 
given above will be met fully, especially in the wake of expansion of sugar 
projects in the developing countries that trade with the EEC under the 


. * . 3 
Lomé Convention provisions. 


I. Osman, "Special Stocks Under the International Sugar Agreement: Stocks 
Not a Threat to the Stability of the Market," World Sugar Journal, Vol. 1, 
No. 10 (1979), pp. 15-17. 

“Ibid. 


3 see Commission of European Communities, Inconsistencies in the Policies 


Pursued by the Community and Member States: The Example of Sugar 
(Information Memo, Spokesman's Group, EC [1978] No. P-130, 7 pp. 
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Expansion of sugar production by the ACP members states that trade 
with the EEC under the Lomé Convention provisions is partly to be blamed 
on the EEC sugar policy. The quotas and prices fixed under the current 
EEC policy were formulated in an endeavour to make EEC self-sufficient in 
Sugar supply, and the consequence has been such that the ACP countries 
have reacted to these quotas and prices by expanding Sugar projects. 

Hence the sugar imported in the EEC under the ACP sugar agreement will 
have to be re-exported on the free world market, which should have a price 
dampening effect on the world sugar market. The Commission of the EEC 
thus calls for full co-ordination of all industrial investments which 
member states of EEC might support in developing countries, either 
directly or indirectly, in order to ease marketing problems. | 

An assessment of the sugar balance in 1979 under the ISA shows 
that the world sugar market will increasingly become a political market: 
(i) the question of the EEC's relationship with the ISA, and the extent 
of the subsidized export to the free world market, and (ii) the question 
of the US ratification of the ISA will both have fundamental ramifications 
on the world sugar market. So far, prices have not reacted favourably to 
the ISA quota provisions, and this can partly be attributed to the actions 
of the US and the EEC. Despite being one of the major net importers of 
sugar, the United States is known to hold large carry-over stocks of 
sugar from year to year.© 


lhbid. The developing countries that trade with EEC under Lomé Convention 


provisions are referred to as the ACP countries. 





2N.G. Osman, "An Assessment: Sugar Balance in 1979 Under the ISA," World 


Sugar Journal, Vol. 1, No. 5 (1978), pp. 14-19. 
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The current (1979) sugar situation may be described as one of 
Surplus. Yet there are some factors which will influence and change this 
Situation drastically. These include: (i) the emergence of the USSR and 
China as free market importers of sugar, (ii) the trends in prices of 
other commodities, particularly for oi], (iii) structural changes in the 
market, for instance, those arising from the policies and programs to be 
pursued by the US and the EEC, (iv) trends in the price of sugar itself, 
and (v) the inherent competition that sugar is likely to face from other 
sweeteners, particularly from isomerose (the HFCS, or the corn-sweetener). 
In the face of all these factors, there are predictions that there could 
be a sugar undersupply situation, leading to a disequilibrium similar to 
the one that contributed to the rapid price increase in 1974/75. Such a 


disequilibrium is likely to lead to a high sugar price by 1985.! 


Summary and Concluding Remarks 
on the World Sugar Economy 


The world sugar economy has had extensive structural changes 
during the 1960s and 1970s. Among the factors influencing the structure 
of the sugar economy, the 1960 US boycott on Cuban sugar imports was the 
most influential single factor. The flexibility of the international 
Sugar market was demonstrated by the swift response by Mexico, Latin 
America and Australia to supply the US. However, the US boycott failed 


to paralyse the Cuban economy: Cuba entered a long-term agreement with 


Mec. Hurt, et. al., An Update on World Sugar Supply and Demand: 1980 and 
1985 (USDA, Foreign Agricultural Service, Washington, D.C., 1978), 30 pp. 
The forecast prices are 15.8¢ per 1b in 1980 and 20.2¢ per 1b in 1985, 
when compared with the ISA floor price of 11¢ per 1b in 1978. 
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the socialist countries, who offered to buy the 3 million tons of sugar 
which were formerly required by the US, and the importance of the 
socialist countries increased in production and marketing of Sugar in the 
1960s. Another feature of the developments in the 1960s is the fact that 
the contribution of developed countries in sugar production has been 
increasing steadily. Overall, sugar production increased faster than 
consumption during the 1960s, and a growing tendency toward self- 
sufficiency emerged. The trading union between Cuba and the other 
socialist countries increased the amount of sugar trade falling under 
special trading arrangements, thus decreasing the importance of the free 
market for sugar (governed by ISA) as a means of controlling prices. | 

Important structural changes and problems of the 1970s include 
(i) the expiry of the CSA, following the accession of the UK to the EEC 
in 1974; (ii) the provisions of the Lomé Convention, which guaranteed 
the former signatories to the CSA (i.e., the ACP member states) a market 
for their sugar in the EEC; (iii) the expiry of the US Sugar Act in 1975; 
and (iv) the emergence of USSR and China as sugar importers in the free 
world market. 

The existence of special trading arrangements between importing 
countries and their suppliers has characterized the world sugar economy 
for a long time. Until the end of 1974, the most important of these 
Special arrangements were those covering the negotiated price and quota 


exports to the UK under the CSA with effect from 1950, the Cuban exports 


‘See Hagelberg, G.B., "Sugar." In Payer, C., ed., Commodity Trade of the 
Third World (London: MacMillan, 1975), pp. 104-128. 
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to the socialist countries, and exports of sugar to the US (governed by 
the US Sugar Act). The free world market continues to be controlled by 
successive ISA's, whose mandate has continued to be weakened over time. 
For example, the 1973 ISA had only information gathering and consultative 
functions; no provisions on regulatory functions could be made following 
the failure of the 1973 UN Sugar Conference (on the renewal of the 1968 
ISA) to reconcile the differences between exporters and importers with 
respect to price provisions. The latest (1977) ISA, which became 
Operational at the beginning of 1978, will be effective for a five year 
period; the main provision of this agreement is for secure supplies of 
sugar for the consuming countries and at stable prices between UK £136 
and £261 (about US $245 and $470) per ton. 

A major drawback in the ISA negotiations in 1977 was the failure 
of the US (the greatest net importer of sugar in the world market) and 
the EEC (a major net importer of sugar, but also an exporter at times) 
to ratify the 1977 ISA. The actions of the US and the EEC can be 
expected to compound the problem of international sugar marketing in the 
future. The EEC, which imports sugar from the ACP countries under the 
provisions of Lomé Convention, is virtually self-sufficient in sugar 
supply, and will likely re-export the sugar from the ACP countries in 
the free world market, thus dampening the world market price. 

As far as the world sugar economy is concerned, one can conclude 
that: 

(i) The level of sugar production in many countries is not always 
the right indicator of the export potential; some large volume producers, 
such as the EEC, have high imports themselves; and 


(ii) The presence or absence of special trade arrangements, 
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coupled with political motivations, has led to some marketing ineffi- 
ciencies. For instance, the bulk of Cuban export goes to socialist 
countries, leaving a sizeable share of the US imports to be met from the 
distant Philippines. Hence the abandonment of all trade agreements could 
be expected to lead to some improvements in marketing efficiency. However, 
the growing tendency toward self-sufficiency production in many countries 
may be an indicator that trade agreements and protectionism in sugar trade 
are unlikely to be abandoned in favour of a free world trade. 

The dynamics of international politics has also weakened the 
effectiveness of ISA as the instrument for regulating the free world market 
for sugar. However, any international commodity agreement, such as the 
ISA, is reached after taking into account the interests of both importing 
and exporting countries. Hence the avoidance of politics in a regulated 
or controlled commodity market is virtually impossible. 

The prevalence of protection measures for sugar trade in many 
countries can be expected to lead to economic inefficiency in terms of 
resource misallocation because production and trade are not allowed to 
proceed according to the principle of comparative advantage. Given that 
the sugar producers who have greatest comparative advantage are developing 
countries, then sugar protectionism, which is prevalent in developed 
countries, can be expected to result in the reduction of export earnings 


of developing countries. | 


"s number of empirical studies have examined and assessed the implications 
and the costs of protectionism in the sugar trade. Notable examples 
include: (i) R.H. Snape, "Some Effects of Protection in the World Sugar 
Industry." Economica, Vol. 30 (1963); (ii) H.G. Johnson, "Sugar Protec- 
tionism and the Export Earnings of Less-Developed Countries: A Variation 
of the Theme by R.H. Snape." Economica (1966); and (iii) R.H. Snape, 
"Sugar: Costs of Protection and Taxation." Economica, Vol. 36 (1969). 
Some of the specific aspects of these studies will be reviewed in the 
ensuing discussion of relevant economic literature on the sugar industry 
in the world. 
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The Review of Specific Economic Literature 
on the Sugar Industry in the World 


Introduction 

The review of economic literature on the sugar industry in Kenya 
will be presented in the next chapter under the appropriate section. The 
purpose of this section is to present a review of the findings from some 
studies on the sugar industry in other parts of the world. Such findings 


are considered useful in the evaluation of the results of this study. 


Literature on the Sugar Industry in Individual Countries 


Most of the available relevant literature on the sugar industry in 
individual countries relates to dissertation studies carried out in the 
Universities, mainly in the United States of America (the US). Such 
studies | have covered a wide cross-section of countries and topics so that 
their findings are of interest to researchers and can be useful as guide- 
lines on what problems or specific aspects of the sugar industry require 
further investigation. The review gives some selected aspects of the 
various studies that are cited, the choice of the aspects to be included 
being based on the perceived relevance to this study. 

In a study of the North India's sugar industry, Hirch (1959) gives 
a description of the industry and analyzes the procurement and marketing 
problems .¢ Hirch's study emphasizes the production of jaggery® and other 
sweetening products, which are of little relevance to the situation in 
Kenya. However, the study merits some mention since it discusses jaggery 


Vouch studies are cited by author and date of study in the review since the 


full text of the reference is given in the list of references for the thesis. 


épey. Hirch, Marketing in an Underdeveloped Economy: The North Indian Sugar 


Industry (The Ford Foundation Doctoral Dissertation Series, 1960 Award 
Winner; Englewood Cliffs, N.J.: Prentice Hall, Inc., 1959). 


3 Jaggery is a noncentrifugal form of sugar, made principally by crystal- 
lizing the cane syrup. 
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Production, which is often ignored in most Studies on sugar. Jaggery 
Production is known to be a competitive alternative to Sugar production 
in Western Kenya, but its production js discouraged by the Government. | 

A general survey of the Sugar industries in Africa is given by 
Smith (1976) in the fifth volume of a series of five volumes entitled 
"Sugar Y Azucar Yearbooks," published by the Sugar Y Azucar Journal, with 
D. Smith as the general editor. In the section that examines the sugar 
industry in Kenya, Smith (1976) notes and discusses briefly all the 
problems presented and discussed by M.0. Odhiambo (1978) in a study which 
will be reviewed under the section on the literature on the Sugar industry 
in Kenya. Generally, Smith's review is based on information gathered 
during his extensive tour of the sugar industries in Africa and lacks 
analytical substance. 

In a study of the economic, technical and institutional factors 
that had influenced the decline of the beet Sugar industry in the Eastern 
Region of the United States, Young (1963) found that the fixed beet and 
Sugar prices, coupled with the rising cost of labour, had adversely 
affected both the beet and sugar production. There was no economic 
incentive for beet producers to intensify production, or for processors 
to erect new factories should beet production increase. The farmers had 
shifted to mechanized production to reduce labour costs, and this had led 
to the production of lower quality beets. Since beet production was the 
best-suited crop enterprise on the heavy lake-bed soils in the region, 
Young concluded that beet supplies could be expected to remain Steady or 


even increase, despite the unfavourable producer prices. 


‘personal Communication, Provincial Agricultural Officers (Crops), Nyanza 
and Western Provinces of Kenya, 1976. 
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Wen-Fu (1966) evaluated the sugar pricing policy and its influence 
on cane supplies in Taiwan, where prices were fixed by the government. 
He found that the farmers' decision to Produce cane was influenced both by 
the sugar price and by nonprice factors, such as the land type and its 
Suitability for production of cane and some other crops. A related study 
by Chwei-Lin (1967) demonstrated that cane production in Taiwan was more 
sensitive to economic factors than the Production of rice, the alternative 
major crop, was so that pricing could be used to regulate production. 

In an analysis of the beet sugar industry in Montana, United 
States, Godfrey (1969) showed that alternative beet prices could be used 
to regulate beet production in the United States. The analysis by 
Raquibuzzaman (1970) of the economic implications of alternative sugar 
policies which could be adopted by developed countries, especially by the 
United States, indicated that a policy of complete free world trade in 
sugar could bring tremendous benefits to the developing countries at a 
relatively negligible cost to the developed countries. Hence he suggested 
that the high-cost sugar producers should adopt a policy which would limit 
their sugar production to the existing level, agreeing to import all 
future increases in their demand for sugar from the low-cost producers. 
A study of the effects of the United States Sugar Act and its import 
quotas by Sanchez (1972) indicated that the quota system leads to 
inefficiency in the world allocation of resources in sugar production. 
Since the behaviour of all countries at the international level can be 
taken as competitive, regardless of the market structures within 
individual countries, then a policy of free world trade could be expected 
to lead to a more efficient allocation of the world resources to sugar 


production. 
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A study of the cost structure of cane production in Sao Paulo, 
Brazil, by Hughes (1971) showed that farms producing less than 500 tons 
of cane had the highest average total cost per ton; those producing 500 
to 10,000 tons of cane had the lowest average total cost per ton, while 
those producing over 10,000 tons of cane had Slightly higher average 
total cost per ton. These results suggest that there are some scale 
economies in cane production. Hughes estimated that about 60 percent of 
the average total cost in cane production was contributed by variable 
costs; he also showed that the size of the farm did not totally explain 
the observed farm cost structure. The important cost variables were 
depreciation, labour (especially at cutting and loading), seed and 
fertilizers, and interest on the land investment. 

An analysis of the locational aspects of the United States sugar 
industry by Flores (1972) showed that the total interregional transport- 
ation cost of marketing could be minimized by re-allocation of trading 
patterns. The study also indicated that any attempts by the United States 
to move towards self-sufficiency in sugar production would lead to 
increases in the average cost of production and the interregional 
transportation cost of marketing, since only the North Central area of the 
United States is suitable for sugar production. Consequently, the average 


regional price of sugar would be expected to increase. 


Specific Literature on the World Sugar Economy 


The general review of the world sugar economy has been presented 
in the earlier sections of the chapter. The purpose of this section is 
to examine and present specific aspects of the studies on the world sugar 
economy which are considered useful in the assessment of the results of 


this study. 
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The spatial-equilibrium approach to the analysis of the world 
Sugar market was first done by Thomas Bates in 1965. Bates (1965) showed 
that the prevailing pattern of international sugar trade was inefficient 
and that the United States was not importing sugar from its lowest-cost 
source. Freer world trade in sugar would generally lead to lower sugar 
prices. A similar conclusion was reached in a study by Sanchez (1972), 
as reviewed earlier. The question of gains to developing countries from 
a freer international trade in sugar has been examined Since 1963. The 
works of R.H. Snape (1963 and 1969), Harry Johnson (1966) and D. Gale 
Johnson (1974) all focus on the impact of the domestic Sugar programs, 
and other agricultural protection programs in general, on the global 
economic efficiency and the implications for social welfare. The results 
of such studies generally justify the case for a freer world trade in 
agricultural products. D. Gale Johnson (1974) actually demonstrates that 
there are substantial income transfers from the less developed countries 
(LDC) to the developed countries owing to the protectionist programs in 
such developed countries. | 

Few studies appear to have been conducted to estimate world price 
elasticities of supply and demand for sugar. Most studies at the global 
level have tended to focus on, and estimate, the rates of growth in 


production and consumption of sugar, the major works in this area being 





The specific studies are: (i) T.H. Bates, The World Sugar Economy and the 
U.S. Supply Policy (Unpublished Ph.D. Thesis, University of California, 
Berkeley, 1965); (ii) R.H. Snape, "Some Effects of Protection in the 
World Sugar Industry," Economica, Vol. 30 (1963), pp. 63-73; and (iii) 
R.H. Snape, "Sugar: Costs of Protection and Taxation," Economica, Vol. 36 
(1969), pp. 29-41; (iv) H.G. Johnson, "Sugar Protectionism and the Export 
Earnings of LDC: Variations on a Theme by R.H. Snape," Economica, Vol. 33 


(1966), pp. 34-42; and (v) D. Gale Johnson, The Sugar Program: Large Costs 
and Small Benefits (Washington, D.C., America Enterprise Institute, 1974). 
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those of the FAO (1961) and A. Viton and F. Pignalosa (1961). Other 
Studies have focussed on the uncertainties facing the world sugar economy, 
as exemplified by the studies of Timonshenko and Swerling (1957) and 
Hagelberg and Harris (1976). The main theme of the paper by Timonshenko 
and Swerling (1957) is that sugar can be expected to suffer the same 
effects of general deflation or inflation of commodity prices. A more 
detailed review of the uncertainties facing the world sugar economy has 
been presented in earlier sections of the chapter, but the contributing 
factors were not discussed. Hagelberg and Harris (1976) identify the 
following factors as the crucial uncertainties in the world sugar economy: 

(i) Arbitrary changes in government policy; 

(ii) Unpredictability of sugar developments in individual 
countries; and 

(iii) Absence of regular and reliable Sugar forecasts. These are 

also some of the problems highlighted and discussed during the 
International Sugar Colloquium in London in 1975, whose proceedings were 
presented in an official report (1975).! 

A recent study by Gemmill (1976) has made estimates of elasticities 


for supply and demand of sugar on a global basis. The study estimates 





‘The specific studies are: (i) V.P. Timonshenko and Swerling, The World's 
Sugar Progress and Policy (Stanford, California: Stanford University 
Press, 1957); (ii) G.B. Hagelberg and S.A. Harris, "Pluralism and 
Uncertainty in the World Sugar Economy," Food Policy Journal, Vol. ls No. 
4 (1976) (IPC Business Press Ltd., Surrey, England, 1976); (iii) FAO, 
"The World Sugar Economy in Figures, 1880 to 1959," Commodity Reference 
Series 1 (FAO, Rome, 1961); and (iv) A. Viton and F. Pignalosa, “Trends 
and Forces of World Sugar Consumption," Commodity Bulletin Series 32 (FAO, 
Rome, 1961). The Official Report of the International Sugar Colloquium 
in London in 1975 was published by the International Sugar Organization 
in 1975. 
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that the United States of America (U.S.) and the European Economic 
Community (EEC) have elastic supply responses for beet-sugar of 1.74 and 
1.04 respectively, while the Communist nations have inelastic Supply 
responses of 0.3 for the beet-sugar. For cane-sugar, the U.S. is 
estimated to have a supply elasticity of 1.57, while the elasticities for 
the major world cane producers are estimated to be low (about 0.3) under 
falling prices and slightly higher (up to 1.0) under high and rising 
prices. Demand elasticities for sugar in the 73 countries examined by 
Gemmi11 (1976) range from 2.0 to 0.0 for income and from -1.5 to 0.0 for 
price. | 

The findings cited from the study by Gemmill (1976) have important 
implications since they do give the structural variables for the major 
markets for sugar: the policies of the U.S., EEC and the Communist nations 
with regard to sugar can be expected to have great impact on the world 
Sugar market. The major sugar producers who export on the world market 
are known to have considered the formation of a sugar cartel as a means to 
raise their export earnings, particularly in the face of the past ill- 
functioning International Sugar Agreements (ISA) and being encouraged by 
the apparent success of the oil exporters' (OPEC) cartel. The major sugar 
exporters happen to be developing countries, whose major raw material for 
Sugar production is the cane. From the elasticities estimates made by 
Gemmil1 (1976), it appears that a sugar cartel cannot be very effective, 
given the relatively elastic supply of beet sugar in the major sugar 


importing nations of the Western world. 


Ig, Gemmil1, "The World Sugar Economy: An Econometric Analysis of 


Production and Policies," Agricultural Economics Report No. 313, Department 
of Agricultural Economics, Michigan State University (1976) (the Report 


is based on Gemmill's Ph.D. Thesis, M.S.U., 1976). 
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In his study, Gemmill (1976) uses the spatial-equilibrium 
modelling technique, as developed and applied by Bateman (1965), in the 
analysis of the world sugar market. Apart from his estimates of the 
Supply and demand elasticities, Gemmill (1976) also estimates gains and 
losses accruing both to exporters and importers of sugar from alternative 
policies. He finds that the total volume of world Sugar production is 
relatively stable under all policies and concludes that this is a 
reflection of two factors: (i) that there is ease of substitution of beet- 
Sugar for cane-sugar; and (ii) that the prevailing international sugar 
quotas distort the pattern of trade in Sugar rather than actually reduce 
such trade. He then estimates that a universal free trade in Sugar could 
lead to a net positive international gain of about 8 percent of the value 
of trade in sugar, this being an accrual mainly from a more rational 


pattern of transportation. 


Concluding Remarks on the World Literature on Sugar 

The literature reviewed suggests that sugar production is 
relatively more responsive to price changes than the production of the 
alternative competing agricultural products. Non-price factors such as 
land type and climate are also important in influencing production 
decisions by farmers. Hence fixed prices could have adverse effects on 
the supply of sugar. The previous studies also suggest that the pursuit 
of a self-sufficiency policy for sugar production could lead to a high 
average sugar price, unless production is based on comparative advantage 
viz-a-viz other world sugar producers. 

Generally, a freer world trade in sugar would result in net 
positive benefits both to importers and exporters of sugar. However, 


such a move is hindered by national policies of trading partners. The 
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Study by Gemmill (1976) shows that the formation of a Sugar cartel would 
be inopportune. Such a move would not be expected to improve the problems 
of international trade in sugar. However, a buffer-stock type of program 
could smooth out short-run fluctuations in the world Sugar price and 


possibly stabilize the export earnings of the major sugar producers. 
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CHAPTER III 


A SYNOPSIS ON AGRICULTURAL DEVELOPMENT 
AND THE SUGAR INDUSTRY IN KENYA 


The Role of Agriculture and Agricultural 
Development Policy In Kenya 

The agricultural sector continues to play the major role in the 
economic development of Kenya. The sector has continued to contribute 
about 30 to 40 percent of gross domestic product (GDP) since the late 
1950s. About 80 percent of the population of Kenya still earns its liveli- 
hood from agriculture, and agricultural exports have made up about 70 
percent of Kenya's total exports in recent years. | The major agricultural 
commodities of Kenya include coffee, tea, beef, milk, maize, sugar, wheat, 
Sisal, pyrethrum, barley, rice, cashew nuts, beans and pineapple. Tea, 
rice, sugar (from cane), maize, coffee, and pineapple have shown large 
increases in production over the last two decades. However, agricultural 
imports have grown faster than the agricultural exports during the same 
period. The major agricultural imports have continued to be sugar, fats 
and oils, and wheat.“ 

During the times of the colonial government in Kenya (prior to 
1963), agricultural development was basically limited to the Kenya 
Highlands, a region of the greatest cash crop production potential, which 
had been occupied by British settlers. This trend continued for a long 
time. There were no plans for a country-wide development of agriculture 


ty. Heyer, J.K. Maitha and W.M. Senga, eds. Agricultural Development in 
Kenya: An Economic Assessment (Nairobi: Oxford University Press, 1976), 
pp. 1-110. 


ecee, for example, L.A. Witucki, Agricultural Development in Kenya Since 
1967, Economic Research Service, USDA, Washington, July 1976. 
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until 1954 when the colonial government realized the need to develop 
agriculture, with an emphasis on the intensification of agriculture by the 
native African populace, under the so-called Swynnerton Plan. The second 
Phase of agricultural development in Kenya began with the attainment of 
political independence in 1963. 

Realizing the potential of the agricultural sector, particularly 
as an employer of the fast-growing population in Kenya, the new (African) 
government that took office in 1963 embarked on a number of agricultural 
development project. The Government has continued to plan and implement 
agricultural development programs since then. The major policy goals of 
the agricultural development plan in Kenya can be summarized as follows: | 

(a) To improve and increase agricultural production through 
intensified use of resources; 

(b) To improve the distribution of rural income through the 
promotion of cash crop production; 

(c) To devise methods of developing the low potential areas and to 
promote a more even development among different regions of the 
country; 

(d) To improve the nutrition standard in the rural areas; 

(e) To increase the opportunities for employment in the agricultural 
sector; 

(f) To attain self-sufficiency in food supply and increase 
agricultural exports, 

The specific targets for the agricultural sector during 1977/78 Plan period 


were (i) to achieve a 6.7 percent growth in marketed production; billets 


‘Government of Kenya, Development Plan, 1974/78 (Nairobi: Government 
Printer, 1974). 
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raise the proportion of farmers who obtain a cash income from their land; 
and (iii) to achieve a more equitable development among different areas 
of the country. Self-sufficiency in food supply is deemed desirable so 
that Kenya can save on foreign exchange that would normally go to food 
imports and thus deplete the scarce resources that are needed for local 


development projects. | 


Sugar Production in Kenya 

Introduction 

Background information on Kenya's sugar industry was presented in 
Chapter I. The purpose of this section is to describe the chief features 
of production, highlighting production levels and organization of sugar 
Production. The major alternative enterprises to sugar production in the 
main cane production zones are then presented in order to demonstrate the 
competitiveness of sugar production in the zones concerned. A map of 
Kenya showing the existing and proposed sugar schemes in Kenya by the end 


of 1977 is given in Figure 3-1. 


Production Levels and Industry Organization 


The sugar mills in Kenya have been characterized by excess capacity 
for a long time. Although the five mills are capable of processing about 
285,000 metric tons of sugar annually, only about 70 percent of this 
capacity is being utilized at present.¢ The mill capacities depend upon 


initial design and addition of new equipment or replacement and 





Ibid. 





2pased on the sugar production estimates for 1976 and 1977 at 190,000 and 
205,000 metric tons respectively, and the rated annual mill processing 
capacities. 
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FIGURE 3-1 


MAP OF KENYA SHOWING THE EXISTING AND THE 
PROPOSED SUGAR SCHEMES BY THE END OF 1977 
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renovations. Table 3-1 gives the capacities of the current number of 


Sugar mills, based on their rated annual Processing potential. 


TABLE 3-1 


Annual Sugar Mill Capacities 


ae earn ec a ee ee 
Mi7t Metric Tons Mill-White 


Sugar Per Annum 


rg ee Ue es OF oper for 


Mumias 70,000 
Muhoroni 60,000 
Chemilil 65,000 
Miwani 60,000 
Ramisi 30,000 
TOTAL 285,000 


a eae 


SOURCE: Ministry of Agriculture, Economic Review of Agriculture, January- 
March, 1975 (Nairobi: Government Printer, 1975). 
Cane production is presently organized on the basis of a nucleus 
estate and the outgrowers. The nucleus estate is a cane plantation which 
is directly controlled by a given sugar scheme or complex, to supply a 


given mill with the cane. The size of the mill-controlled plantation 


varies between 5,000 and 12,000 acres (2,024-4,858 hectares); in some cases, 


the mill personnel supervises additional large farms to give the mill 
further control over cane production. The term outgrowers refers to all 
cane producers who supply the sugar mill with cane but are not directly 
controlled by the mill management. 

Qutgrowers comprise large-scale farmers having from 40 up to 1620 
hectares of land under cane production and small-scale producers who 
normally have from 1 to 6 hectares of land under a cane crop. The small- 


scale producers are the largest group of outgrowers, and these may be 
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organized to supply cane to the given mill either as members of a 
co-operative society, a settlement scheme or a private company. The 
Government policy on cane production has been one whereby small-scale 
production is promoted in order to ensure that the proportion of farmers 
getting cash income from farms is increased. Besides, this production 
policy can ensure that more people will get employment in agriculture. 
Table 3-2 gives the cane acreage distribution by the type of grower for 


the five sugar mills in 1975. 


TABLE 3-2 


Land Under Cane Production: Estimates by 
Type of Producer in 1975 [Hectares] 








ae 
"wn BUSTER orn sone ld oe SALT one. prose 
Mumias 35239 - 8,097 11,336 
Chemilil 2,834 6,478 3,644 12,956 
Muhoroni 2,024 ier 6,478 Dd 
Miwani aeeo9 5,668 1,619 10,526 
Ramisi 4,848 202 810 5 .o70 


SOURCE: Ministry of Agriculture, Economic Review of A riculture, January- 
March, 1975 (Nairobi: e eamenti Reintace aisle 

The general organization of the sugar industry in Kenya is through 
(i) private ownership and management for the privately owned mills; and 
(ii) public ownership and contract management for the government owned 
mills. However, the government has the overall control of the industry 
and the following ministries are involved at various levels of the 
running of the industry: 

(i) Ministry of Agriculture: cane production and pricing policy; 

(ii) Ministry of Commerce and Industry: domestic and foreign 


trade in sugar; 
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(iii) Ministry of Lands and Settlement and the Ministry of 
Co-operative Development: to facilitate and finance small- 
scale production, either by individuals or by co-operatives, 
in smallholdings or settlement schemes; 

(iv) Ministry of Finance and Planning: overall development 
Strategies and sugar pricing policy; 

(v) Office of the President: local administration, which 
indirectly influences the pace of development and project 
implementation. 

The functioning of a government machinery depends on the actions of 
different departments, and various Government Ministries are involved in 
the running of the sugar industry. The various Government departments 
are expected to plan and work together, toward achieving the production 
policy goal of self-sufficiency in sugar. 

The reliance of sugar mills on their own cane production and the 
cane deliveries from the outgrowers is summarized in Table 3-3. Except 
for Ramisi, which relies quite heavily on its own cane production, the 
Sugar mills depend primarily on cane deliveries from the farmers in the 


zones in which the mills are located. 


Cane Yields and Cane-to-Sugar Ratio (CSR) 


Yields are normally expressed on a per annum per acre (p.a.p.a.) 


] 


basis. The highest cane yields obtained so far in the Kenya sugar zones 


are 65 metric tons p.a.p.a. for the nucleus estates and 15-25 metric tons 


The process of metrication (i.e., switching to the metric system) is not 


yet complete, particularly in the farming sector, and both imperial and 
metric measures will be used in the analysis. 
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TABLE 3-3 


Percentage Distribution of Cane Supplies 
by Type of Producer in 1975 


oe NE Oe ee Se a ee ae ee 
Mill Nucleus 


Beeate Outgrowers 
BOM iit. 20s Alon IA be Gonkaapmigr to voter-ine pw alterhgtives 
Chemilil 20 80 
Muhoroni 20 80 
Miwani 33 67 
Ramisi 75 a5 


SOURCE: Ministry of Agriculture, Economic Review of A riculture, 
January-March, 1975 fa ractamaCoverrent: Prien arse 
p.a.p.a. for the outgrowers (predominantly small-scale farmers). At 
processing, the CSR for the three production zones are: 
(i) 12.5-15.0 tons of cane to 1 ton of mill white sugar at 
Ramisi (Coast Province); 
(ii) 10.0-10.5 tons of cane to 1 ton of mill white Sugar in the 
Nyanza Sugar Belt; 
(iii) 8.5-9.0 tons of cane to 1 ton of mill white sugar at Mumias 


(Western Province). 


Thus, the national CSR average is 10.9:1, which gives an average of about 


9.2 percent sugar content for the cane produced in Kenya. Owing to 
differences in sugar content for the cane produced in different 
ecological zones, sugar is, on average, more expensive to produce at the 
Coast Province, as might be suspected from the above CSR figures. The 
national average cane yield, for analytical purposes, can be taken as 45 


metric tons p.a.p.a. (see Table 3-4). 
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Cane Production and Alternative Enterprises 


Sugar production in Kenya is based on cane as the raw material. 
Hence an evaluation of potential net cash returns to producers from cane 
production and alternative enterprises that are possible in the cane- 
producing zones should be done in order to determine the alternatives 
that can be considered competitive to cane production as a farm enterprise. 
This evaluation is important because its results would indicate the 
alternative enterprises that are likely to affect sugar production 
adversely. 

Cane production in Kenya is almost entirely under rain-fed 
conditions; only a small amount of cane is supplied to Miwani mill from 
the Ahero Irrigation Scheme. Although rain falls most of the year in 
the cane-producing zones, these areas have bi-modal peaks during April- 
June and October-November periods. Climatic variations have been 
experienced in the past, when some prolonged dry periods have adversely 
affected cane and hence sugar production (for example, in 1972, see 
Tables 5-1 and 5-2 for the cane and sugar production figures). 

Cane production is most suitable at elevations of from 1150 metres 
above sea level. Temperature influences the rate of cane growth so that 
there is a difference in the length of cane maturation periods between 
Ramisi at the Coast Province and the other cane producing zones in the 
country. At Ramisi, the plant crop maturity is reached after 15 months, 
while ratoon crop takes about 18 months to mature. | Therefore, the 


elevation influences the crop cycle, giving a five year crop cycle of one 


‘after a cane crop matures, the first harvest (or cut) is called the plant 
crop. After the cane regrows, the consequent harvests (or cuts) are 
called ratoon crops. 
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plant crop and two ratoon crops at the higher elevations (Mumias and 
Nyanza Sugar Belt); Ramisi can get one plant crop and three ratoon crops 
during the five year crop cycle. 

The types of soil on which cane is being grown are known to be 
deficient in certain nutrients, or to be of low-nutrient levels. 
Therefore, use of commercial fertilizers is recommended in cane production. 
Cultivation and tillage practices involve mechanical disc ploughing, 
harrowing, ridging and inter-row cultivation. Planting and weeding are 
done manually on most nucleus estates and in all outgrower farms. Small- 
scale growers who cannot afford to pay for tractors use ox-ploughs for 
cultivation and tillage. Since harvesting and transportation of cane from 
the outgrower farms to the mills is fairly demanding, most cane producers 
have been encouraged to form co-operatives or companies in order to be 
able to operate a central transportation system. However, a number of 
outgrowers still handle harvesting and transportation of cane to the mills 
individually. 

The viability of cane and sugar production as a project will depend 
on the competitiveness of cane production relative to the alternative farm 
enterprises. A typical farm in the major cane producing zones of Kenya 
may consist of at least three enterprises comprising cane, maize, and 
beans/ground-nuts/sunflower/cotton combinations. Typical outgrower farms 
average between 1 and 6 hectares. Crop combinations are determined by 
economic as well as social factors such as food requirements, cultural 


: 2 ' : ] 
attitudes and customs, and a range of other minor considerations. 


'h Synthesis from District and Provincial Annual Reports, Ministry of 
Agriculture, Nairobi, 1970-1976. 
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However, one can assume that the farmers' response to economic incentives 
such as prices and new technologies is generally positive, so that the 
pattern of farm enterprises will be determined by the inherent desire to 
maximize profits even under the existing social and cultural constraints. 
Under the profit-maximization assumption, the farmers have the 

Opportunity to produce the crop or crop combinations which appear more 
attractive in terms of net monetary income. Therefore, gross margin and 
break-even price analyses will indicate the most profitable enterprise 
for the farmers in any given zone. Based on the District Farm Management 
Guidelines and the District Annual Reports which the officers of the 
Ministry of Agriculture prepare for each district in Kenya on an annual 
basis, Table 3-4 summarizes the major enterprises in the cane-producing 


zones of Kenya, giving the average maturation periods and yields. 


TABLE 3-4 


The Major Farm Enterprises in the Cane Zones of Kenya 


SS See a ee Se oe 





Enterprise Mturetion, eld (Wetric Tons/ta/Year) 
Cane 18-22 25-65 45.0 
Maize 5-6 3-5 rapt 
Beans 2-3 0.4-2.0 ix 
Groundnuts 4-5 0.8-2.5 Ag 
Sunf lower 4 0.2-2.0 Tl 
Cotton 7 0.6-1.5 ie 


SOURCE: District Annual Reports; Provincial Annual Reports ; and District 
Farm Management Guidelines (Ministry of Agriculture, Nairobi) 
issues for various years, 1970-1976. 
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Except for cane, sunflower, and cotton which require production 
in pure stands, typical small-scale farms will normally have mixed 
cropping enterprises in maize and beans or maize and groundnut combin- 
ations. Based on extracts from a confidential report submitted to the 
Ministry of Agriculture in 1976, Table 3-5 gives the profitability of 
the various enterprises that are common in the cane producing zones. 
Table 3-5 indicates that cane production is the most profitable 
enterprise in the sugar producing zones of Kenya. The dominance of the 
profitability of cane production can be demonstrated by expressing the 
net returns from alternative enterprises as a percentage of the returns 


from cane, aS given in Table 3-6. 


TABLE 3-5 


Profitability of Alternative Enterprises in the 
Cane Zones of Kenya, 1976 Statistics 
[Kshs per ha] 





Total Gross Net Return 


EULA Cost Return Kshs/ha Kshs/Man-day 
Sugarcane 976 4545 3249 50.76 
Maize/Groundnuts 1255 4343 2218 lee go 
Maize/Beans 1025 3246 1481 10.01 
Cotton 767 3666 1019 aed 
Sunflower 512 1980 1033 Vise? 


SOURCE: Ministry of Agriculture, Nairobi (Confidential Report, 1976). 


Based on net return calculations, cane production does not appear 
to face severe competition from any of the existing crops or crop 
combinations at the given (1976) market prices. The analysis indicates 
that cane prices could fall by up to 22 percent before cane loses its 


competitive edge to maize/groundnuts crop combination. Based on the 
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estimated average yield of maize crop, maize is found to be the most 


competitive enterprise to cane production in Sugar producing zones of 


Kenya. | 


TABLE 3-6 


The Dominance of the Profitability of Cane Production 
Relative to Alternative Enterprises 


SS Se a re a ee a 


Enterprise or eopkck can yerses 


SSS SSS SSS eee es UL | | es eee ee ee 


Cane 100.0 
Maize/Groundnuts 68.3 
Maize/Beans 45.6 
Cotton 31.4 
Sunflower $1.8 





SOURCE: Calculations Based on Figures in Table 3-5. 


The payoff of the alternative enterprises was determined above in 
terms of net cash returns per acre (Table 3-5). The calculation of net 
returns seeks to estimate the net present value of the benefits accruing 
to the farmer from each enterprise per unit of land area, or per man-day 
of labour input. The same information could be established by a technique 
called break-even price analysis. The break-even price analysis seeks to 
determine the price at which the enterprise would just pay itself off. 

At the break-even price, total cost equals total revenue, so that the 
break-even price can be regarded as the competitive product price. Such 
price is then compared with the market price. 

Calculation of the break-even prices for the various alternative 


enterprises in the cane (sugar) zones of Kenya indicated that the 


IMinistry of Agriculture, Nairobi (Confidential Report, 1976). 
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prevailing (1976) market price for cane was above the competitive price, 
while the prices of the other enterprises were found to be below the 


competitive level (see Table 3-7). 


TABLE 3-7 


Break-Even Price for Alternative 
Enterprises in the Cane Zones of Kenya 
[Kshs per ha per annum] 


ermal ee eee 
Break-Even Price 
Crop or Crop Actual As % Deviation from the 


EEA el Current Market Price 
Cane 78.09 -22.6 
Maize/Groundnuts 1525.49 +16.8 
Maize/Beans We2ilaol head 
Cotton 4741.54 +68.1 
Sunflower 4003.63 riee.U 





SOURCE: Ministry of Agriculture, Nairobi (Confidential Report, 1976). 


At the macro-level, planners are interested in other aspects of 
an enterprise, besides the profitability aspect. The potential of an 
enterprise to generate employment in Kenya, particularly in the rural 
areas, iS an important consideration. The labour input requirements by 
the various alternative enterprises in the sugar producing zones of Kenya 
are given in Table 3-8. 

From the above analyses, cane production is found to be the most 
profitable enterprise, but it does not generate as much capacity for 
absorbing the rural unemployed as the alternative enterprises. Given the 
Government objective of developing agriculture in order to raise and 
Stabilize farm incomes, cane production is an appropriate enterprise to 
promote in the sugar producing zones of Kenya, since production is 


possible throughout the year. 
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TABLE 3-8 
Labour Requirements for the Alternative 
Enterprises in the Cane Zones of Kenya 
[LNo. of Man-days per Ha] 


OE een eee ae a a ae ae a cle al eee 





Maize & Maize & 
Cane Sroundnlre eee Cotton Sunflower 
64 174 148 376 87 


ree ee ee Ae | 
SOURCE: ‘cathe of Agriculture, Nairobi, Kenya (Confidential Report, 
1976). 


A Synoptic View of the Market for Sugar and 
the Consumption of Sugar in Kenya 


Introduction 

Population and disposable income are major determinants of the 
domestic market for a given commodity. Distribution of the disposable 
income is an important aspect too, since this determines the effective 
rather than potential demand for the commodity. The national average 
population growth rate for Kenya is estimated at 3.5 per annum, although 
the growth rates have been as high as 7 percent per annum in urban 
centres. | Table 3-9 gives an analysis of the domestic market in Kenya 
by race, age composition and average annual income per household. The 
analysis of the domestic market indicates that a large proportion of the 
population is under the age of 20 years. Since this is the segment of 
the population that can be expected to join the labour force and probably 
improve its personal disposable incomes as the economy grows, it appears 
that the domestic market for sugar is likely to grow in the future. 


Previous studies indicate that sugar is consumed by a small proportion of 


Government of Kenya, Development Plans, 1970/74 and 1974/78 (Nairobi: 
Government Printer, 1970 and 1974); and Central Bureau of Statistics, 
Economic Survey, Various Annual Issues up to 1978 (Nairobi, Ministry of 
Finance and Planning). 
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TABLE 3-9 


Kenya's Domestic Market by Race, Type, Household 
Number, Income and Age*: An Estimate 


a eo sla ee Rng sla lh ee 
Average Persons Expected 


No. of No. of Earnings Under Annual 

A a al Households Persons per per Age of Change 

(in '000) Household Household 20 Yrs. in This 

(KE ) (%) Segment 

ee errr a ee eg ee ie 

Rural African 1,900 6.0 120 58 se a 
Urban African 250 4.4 450 44 +8 .0 
Urban Asian 20 320 1,100 4] -6.0 
Urban European 9 5 2,600 31 -6.0 
TOuUrdSt** 6 +8.0 


a 
*Data based on 1974 population estimate and 1972 income estimate. 
**Heterogeneous by race, culture and income. 


SOURCE: Gibbons, E.T. "The Characteristics, Structure and Development 
of Kenya's Food, Feedstuffs and Beverage Industries", Quarterly 


Journal of International Agriculture, (DLG-Verlag Frankfurt, 
April-June, 1976), pp. 141-160. 


the population; this proportion of population has a relatively high 


income (Frank, 1964, and others). 


This observation, and given that 

the per capita consumption of sugar in Kenya is relatively low (see 

Table 3-10), suggests that the domestic market for sugar could expand if 
per capita income rose in the process of economic development. Table 

3-10 shows that the per capita consumption of sugar in Kenya is relatively 
low by world standards so that it can be expected to rise in the future 


as the nutrition standards of Kenya improve and more people earn a cash 


income. 


these studies will be discussed under the section on the review of 


relevant literature. 
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TABLE 3-10 


Per Capita Consumption of Sugar 
in Selected Countries, 1972-1973 


eS ee ee ee ee 


Selected White Sugar Consumption 
Country (kg per capita) 
World Average 19.2 
Cuba 67.6 
Us Ke 49.4 
igo 47.5 
eo Son. 40.0 
Algeria Lote 
Sudan 16.0 
Kenya 15.4 
Uganda Li 
Tanzania 18 


SOURCE: Adapted from Indian Sugar Annual, July 1973, and as presented 
in the Confidential Report, Ministry of Agriculture, Nairobi, 
1976. 


Sugar Consumption and the Sugar Marketing Problem in Kenya 


Sugar consumption has been rising very rapidly over the last two 
decades, from 55,000 metric tons in 1955 to 248,000 metric tons in 1976. 
The consumption record gives a close fit to an annual growth rate of 
consumption of 7.5 percent since 1955, although wide variations were 
experienced during the early 1970s. For instance, the increase in 
consumption was nearly 14 percent during the 1971/72 period and 11 percent 
during the 1972/73 period (see Table 5-5). The 1970/74 and 1974/78 
Development Plans had anticipated that Kenya would achieve self-sufficiency 


in sugar by the early or mid-1970s. However, sugar consumption has 
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increased faster while production has been growing less rapidly than 
anticipated. Kenya thus still continues to import some sugar in order 
to meet the domestic requirements. 

Pricing of both cane and sugar has been controlled and regulated 
by the Government since sugar was declared a scheduled crop in 1966. 
Prior to 1966, cane prices used to be in the range of from Kshs 37 to 
Kshs 48 per metric ton. Since 1966, the Ministry of Agriculture has 
given a number of Legal Notices (LN) revising the prices of both cane 
and sugar, primarily to ensure that prices do reflect the rising cost of 
production and internal demand conditions, while encouraging cane and 
Sugar production at the same time. Tables 5-1 and 5-3 give a summary of 
the price changes for the period ending in 1976. 

All the sugar processed by the mill is sold to the Kenya National 
Trading Corporation (KNTC), a statutory organization which is empowered 
to control both the domestic and foreign trade in Sugar and is directly 
answerable to the Minister for Commerce and Industry. To facilitate 
sugar distribution, the KNTC has a network of 18 depots which are 
strategically located in the country. The KNTC-appointed distributor- 
agents buy their sugar from these depots and then stock it in their stores 
for distribution to retailers. There are well over six hundred such KNTC 


| Apart from controlling 


agents who act as sugar wholesalers in the country. 
sugar distribution in the country, KNTC has to plan for and obtain all 
necessary sugar imports. Figure 3-2 gives a summary of the main marketing 


channels for sugar in Kenya. 


Ieee J. Heyer, J.K. Maitha and W.S. Senga, Agricultural Development in 


Kenya: An Economic Assessment (Nairobi: Oxford University Press, 1976), 
D306. 
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FIGURE 3-2 


Marketing Channels for Sugar in Kenya 
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The arrows indicate the direction of flow, and the type 
of commodity involved in the flow is given. 
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Sugar imports are financed by the Sugar and Cereals Finance 
Corporation, which operates a sugar price stabilization fund. This fund 
is maintained through a system of pooling in which all sugar in the 
country is sold at the same price, whether it be the refined imported 
Sugar or the locally produced mill-white Sugar. When the sugar imports 
are cheaper relative to the domestic sugar price, the price stabilization 
fund is regenerated, while the financing of expensive imports, when the 
world sugar price is high, depletes the fund. The price of sugar in 
Kenya includes a small amount of excise duty, which contributes to the 
price stabilization fund. The price stabilization mechanism is basically 
a buffer type of operation. 

The control of ex-mili and retail prices of sugar by the Government 
ensures that the marketing margins are controlled. The control of the 
marketing margins is intended to ensure that the whole country has one 
retail price of sugar. In a review of the sugar marketing problem in 
Kenya, Heyer claims that the sugar pricing policy in the past has been a 
problem because producers have been paid too little, while the consumers 
have not always paid the full cost of their sugar. This shortcoming in 
the pricing policy is suspected to have affected the supply of cane to 
the mills, which has resulted in a great deal of underutilization of mill 
capacities in the past. | One can now say that the trend has been changing 
drastically, particularly during the 1970s. The Government has continued 
to revise both cane and sugar prices from time to time in order to ensure 
that (i) producers are given sufficient incentive to Supply the mills with 


cane; and (ii) consumers meet the cost of their sugar. This has been 


15. neyer, tet. talt’y ‘op? (citTj4p. 2336; 


65 
























‘asriatl 4 2569 ods Sve ade Na borat? ot6 ones 

* hon Ae 2 crlrgsds Sorry vete & ss. (oie «hota 

wd Pe hla ot patTong Ww w2ur 8 nppenid 

24 3 Agtiaim, .27)"0 Suleo a> 28 bros at 

seal, whee afte 1109 feoyotdg uiteaer sadn 

ic ,a6évq NEE Vitzonmh 943 or ayteele? 46 

nin avitnatiee Fo Galoaant? as ste soseronnge a ta 

aq og oat wits aeuetqget aight Shane rwoue_bf 

9 iy, snations “tana eabutont 6 
Mon ao bes hl 1 dere “SPN ya) nid noltest fhdete oe 

aottsnsqo Ti egieal td 

wh Talev ben Pite-sa To vertnas athe 

Ln nel oh sane ts éxS pg pri tov ialn ttt iat, vs Ff 


sions tel) Avzes os. BaBbeant chain DLE 


rarit re 


A a “a 
coy) it Sn waryar Ga age tO SoRNg : 


7 7 ; 1 
at of ‘ = 4 
J ! 


nied unl (eg oat aieq "aque Ba Sunk) zafets nocall oi 


igs iso nee4 aval snes een 
cyl sul Ton s.Gil?) je G24. [it Ba! phe, ehh 
ey 


} ‘ a 
aljees 90). FRE rGAn &. Wy? DereTgeen leona 
{ age 


es (sgt saan an $60 yioewna oe a [Pent as a a ion 
» Pet Jan ae: OT -eOFRE ot gato ernofuatona 


viyjie on nelogu ait At Se tenn See 
cae. 
- 

tin. ei lineant «wl pi ay Minoan} toate 


gedd veh xtaT, 2 vege Apia. 9 4262: aa vei 
ae os ‘Ais, Ao 
avy 


a 
U yee 


a 


if 


a] 
2 i oe 


i cae So 
a 7 I< oy nk 


-_ 





Ss 






expected to remedy the cited widespread problem of excess mill capacity. 
As demonstrated in Table 3-7, the cane Producer price in 1976 was too 
high relative to the break-even (or competitive) price and this has to be 
taken into account in any recommendation for planning purposes. 
Concluding Remarks on Production and 
Consumption of Sugar in Kenya 

Both production and consumption of sugar in Kenya have grown 
relatively fast over the last two decades, but the country has not yet 
been able to produce all its sugar requirements. However, the percentage 
of the sugar imports to total sugar consumption in Kenya has been 
decreasing, and there is an indication that the country could achieve 
self-sufficiency in sugar supply if the pace of development of sugar 
production is increased. 

Gross margin analysis indicates that cane production gives the 
highest net return per acre of land, relative to returns from alternative 
enterprises. Hence farmers can be expected to maintain or even expand 
cane production and price could be expected to play a major role in 
regulating cane and sugar production in Kenya. However, maize is the 
Staple food crop, which is also competitive to cane production, and this 
has to be accounted for in supply response analysis. 

The Review of Relevant Literature 
On the Sugar Industry in Kenya 
Introduction 

The review of the relevant literature is considered useful in at 
least two ways. First, the review gives a summary of the market structure, 
through the synthesis of the findings of the various relevant studies with 


regard to the structural variables of the sugar industry. Secondly, the 
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review indicates the specific aspects of the Sugar industry that require 
further investigation. 

The purpose of this section of the chapter is to stress on those 
aspects of the various studies that are cited which are considered useful 
for this study. The review is limited to the literature on the sugar 
industry in Kenya because the review of literature on Sugar industries in 


other parts of the world was given in the previous chapter. 


Literature on Kenya's Sugar Industry 


A number of broad-based studies on the feasibility and expansion 
of sugar production in Kenya have been done for the Government by a 
number of consultants over the last ten years. | As in the case of all 
Government consultative studies, the results of such studies are not made 
public. They continue to remain confidential to the Government. 

Relatively little is published about the sugar industry in Kenya. 
The only major studies whose results have been published or presented in 


a public seminar appear to be those of C.R. Frank (1963 and 1964) and 


2 3 


R. Clark (1968).“ Frank's work was later published in a book in 1964. 


examples include: (i) Mehta Group Ltd., The South Nyanza Sugar Project: 
Final Feasibility Report, Phase II Investigations, Vols. I-V, Nairobi 
1975; (ii) Bookers' Agricultural Holdings, Mumias Sugar Scheme: Final 
Feasibility Report, Vols. I-III, Nairobi, July 1976; (iii) Tate and Lyle 
Technical Services Ltd., and Government of Kenya, Kenya Sugar Industr 
Expansion Study, Vols. I-IV, Kent, England, 1974; and (iv) Agro-Invest 
Industrial Consultants and Management Agents, Small Scale Sugar 


Production in Kenya, Vols. I-IV, Nairobi, 1976. 


2c.R. Frank, (i) "The Production and Distribution of Sugar in East Africa"; 


and (ii) "Analysis and Projections of the Demand for Sugar in East 
Africa", (Unpublished papers presented at the East African Institute of 
Social Research conferences in 1963 and 1964 respectively, Makerere, 


Kampala, Uganda); and R. Clark, "Sugar Consumption in Kenya", East African 


Journal of Rural Development, Vol. 1, No. 1 (1968), pp. 48-51. 
3¢.R.- Franks, The- Sugar _Industry-in East Africa: An Analysis of Some 


Problems and Policy Questions Relating to the Expansion of the Sugar 


Industry in a Developing Economy (Nairobi: East African Publishing House, 
ath RPE TOR eee 


1964). 
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Frank's main objective was to present a model of a common Sugar policy 
for the three Member States of the then East African Community. ! In the 
analysis, Frank used a linear demand model, with the quantities of sugar 
consumed as the dependent variable and the per capita disposable income 
and the retail price of sugar as the independent variables. A time trend 
factor was also incorporated in the model to account for qualitative 
factors. Under the hypothesis that the governments of the member states 
of East Africa (i.e., Kenya, Uganda and Tanzania) will always import 
Sugar and sell it at internally fixed prices, supply was taken as price 
inelastic in the analysis. 

The major observations in Frank's study (1964) were that Kenya had 
persistently been a net importer of sugar and that per capita consumption 
of sugar in urban areas of East Africa was relatively high, with most 
of the sugar being consumed by a relatively small and wealthy proportion 
of the population. Industrial consumption of sugar was found to be 
relatively low, being only about 5 percent of the total sugar consumption 
in 1964. The analysis based on the data for the period 1954-1963 showed 
that the time trend coefficient was significant at the 0.05 level, while 
the coefficients of the retail sugar price and the per capita disposable 
income were not significant at that level. 

Clark's study (1968) basically used the log-linear version of the 
demand model used by Frank in 1964. His objective was to make estimates 
of future sugar consumption levels in East Africa, with special reference 
to Kenya, based on the assumption of a regular annual percentage increase. 


least African community, which had Kenya, Uganda and Tanzania as Member 


States, is now defunct, having broken up after persistent disagreements 
among the Member States in 1977. 
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He found that income elasticity of demand was high at most income levels, 
and concluded that the log-linear demand model as specified was 
unrealistic as a tool for estimating changes in consumption based on 
Changes in sugar price only. 

Both the Frank and the Clark studies are now relatively old, since 
many changes in the political and socio-economic environment in East 
Africa have occurred since these studies were conducted. However, the 
analytical models and the comments on planning and policy are still useful 
as guidelines for further research. 

Except for some agronomic and geographic studies, relatively little 
has been published about Kenya's Sugar Industry since 1968 and prior to 
1975. For instance, Acland (1971) gives an account of agronomic aspects 
of cane production in Kenya, and in East Africa in general. The 1970/74 
and 1974/78 Development Plans outline the Government policy objectives, 
stressing on the importance of the expansion of food production in Kenya. 
Sugar production is one of the agricultural projects earmarked for 
expansion. 

The following are the latest studies that appear to have focused 
on economic aspects of the sugar industry in Kenya: (i) two papers 
released by the Ministry of Agriculture in 1975 and 1977; | (ii) a brief 
synthesis and review of the chief features of the sugar industry by the 


author of this study in 19773¢ and (iii) a recent study by M.0. Odhiambo 


IMinistry of Agriculture: (i) Economic Review of Agriculture, Vol. 7, No. 
1 (Nairobi: Government Printer, 1975); and (ii) "Projections on White 
Sugar Consumption in Kenya to 1990: Their Reconciliations with Sugar 
Production and Policy Implications" (Unpublished paper, Nairobi, 1977). 


cone Mbogoh, "The Structure and Chief Characteristics of Kenya's Sugar 


Industry," Egerton College Agricultural Bulletin, Vol. 1, No. 2 (Njoro, 
Kenya, Sept., 1977), pp. 95-101. 
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(1978) on the structure and performance of the sugar industry, with 
special emphasis on the Nyanza Sugar Belt. | There are also some 
critical comments, though hardly supported by statistical or empirical 
evidence, on the problem of sugar marketing in Kenya in an article by 
Judith Heyer in 1976.¢ 
The two papers released by the Ministry of Agriculture focus on 
two aspects: (i) a general description of the organization of Kenya's 
Sugar industry; and (ii) an analysis of the sugar production and 
consumption in Kenya, using the time series data to 1976, and employing 
a linear demand model similar to the one used by Frank in 1964. 
Projections of supply and demand are made for 1990, in order to assess 
the sugar situation in Kenya by 1990. Demand projections are based on 
predictions from the estimated demand functions, but the projections of 
production are based on expected production if the proposed Sugar projects 
are implemented by 1980. Such proposals include establishment of two 
new sugar mills and the expansion and rehabilitation of the existing sugar 
schemes. The analyses indicate that the coefficients of the time trend 
factor and the per capita disposable income are significant at the 0.05 
level and that Kenya could become self-sufficient in sugar supply by 
1981 if the proposed sugar projects are implemented by 1980. Given the 
high cost of expansion and the limited resources, the study recommends 


the use of a pricing policy to regulate demand in order to facilitate an 


"0. Odhiambo, The Structure and Performance of Kenya's Sugar Industry, 
With Special Emphasis on the Nyanza Sugar Belt (Unpublished M.Sc. Thesis, 
Department of Agricultural Economics, University of Nairobi, Kenya, 1978). 


othe article appears in J. Heyer, J. Maitha and W. Senga, eds. Agricultural 


Development in Kenya: An Economic Assessment (Nairobi: Oxford University 
Press, 1976). 
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orderly expansion of the sugar industry in Kenya. 

The study by M.0. Odhiambo (1978) sets out to describe the 
organization of the sugar industry in Kenya and assess how the existing 
Structure of the industry affects performance at farm, factory and 
consumer levels. The problems of cane procurement and excess mil] 
Capacities are examined. Personal interviews are executed, and the 
following are the major findings: 

(7) Performance is unsatisfactory at the farm, processing, and 
distribution levels; and 

(ii) Shortages of cane supplies to the mills are the main cause 
of the underutilization of mill capacities. Specifically, cane shortages 
are attributed to the following factors: 

(i) Poor cane husbandry techniques among the majority of 
outgrower farms, resulting in low yields; 

(17) Poor co-ordination between some mills and their outgrower 
cane suppliers, coupled with the lack of expert advice and credit 
facilities for outgrower farmers, thus leading to poor performance; and 

(iii) Low cane prices in the past, coupled with low cane yields and 
rising input prices, which have not been remunerative enough and have 
tended to discourage further expansion of cane production for some 
farmers. 

M.0. Odhiambo (1978) concludes that the performance of the sugar 
industry in Kenya is unsatisfactory when judged from the following 
criteria: | 

(i) Efficiency of the organization of the industry in terms of 


plant size, plant capacity utilization, cane procurement and sugar 


'M.0. Odhiambo, op. cit., p. 204. 


‘oo: sit NS coneno™ gu ath Te abe toney (RRC t) gdmatne 


ta ai Bases ty Sanaa sare 





7 
ve 
oP 
: _ 
i 
a 
at 












FxymeY ot. igttaupet segue arty +0F 


sit ali saboos Sep tae GREE) odmetibt CH oveeR 
f Ned na 
magyre 


o« cesemy bee avaca at yrtevher segue oda 
auton” ee Sg 2ogttteg anette cieebah agree 


~ 


ure theneotnd-ones to omeleoth att. (Shave 


= 


- g7nees S46 geet vadat Tondetes -Donineas ane aad 
yon big? notem eit? a8 

n wnin® ot Ps Veoeete tracy ot synsenor tas We 

; | _ brs aleve! notte 


¢ Of AS7\ QQee SEG tO eager rode: m 
“ha ie a = 
phasis “ii fanges Theme t norgesbtts SDA 
‘ Bhat 

j2 oak oetwntiot odes baaudk 33 

a : ra 7 


Pes? yRetaent an6 4009 THR ) 



















¥ 


“etary wo! of aehtlveay cere? 


re .  -Seyccg ‘nettentbio-ws 109,08) 


~ 
ome 
~ 
7 
— 


© 72. Noe) Su pat hay petques.¢ 


“nm oe? geep) ao" SUR. NT Two tS wt 





widess west. ont af snatng ene> woe oa 
HOE yer need toe ‘oe oti woe? 





5 
e 
* 


a 
>. 





ae i> 
' re 
rad: shtlx to 0teredee wed? spenvoseth \ her 
ar 


— 


é 7 
P 4 ee 


pwotl ok pit tec: deeb: geertae ae 
ee a 









- - : : - Wis 
aie - ry mae ‘ ' re >| ee r , } 
a -_ i x - d 
- nee _ ¢ 4 se f 


72 


distribution; 

(ii) Technological progressiveness, both in cane and in sugar 

production techniques; and 

(iii) Profit rates, in terms of the levels that would reward 
investment, efficiency and innovation. 
However, these conclusions are not Supported by statistical or quanti- 
tative evidence. 

After observing that (i) poor extension services to the outgrower 
farmers are to blame for the persistent poor cane husbandry techniques, 
and (ii) a number of problems facing the industry could be solved by 
improving the relations between cane producers and Sugar processors, 
M.0. Odhiambo (1978) reaches the following recommendations: 

(i) Provision of extension services to the outgrower farmers 
Should be improved; 

(ii) Credit facilities to enable outgrower farmers to purchase 
essential input services should be provided; and 

(iii) There should be a greater co-ordination or integration 
between cane outgrower farmers and the sugar processors. 

As mentioned in the review of literature on the world sugar 
economy, D. Smith (1976) notes and discusses briefly the various problems 
that have been examined by M.0. Odhiambo (1978). The adoption of the 
various recommendations advanced by D. Smith (1976) and M.0. Odhiambo 
(1978), amongst others, may be expected to lead to improvements in the 


Ip. Smith's discussion of the sugar industry in Kenya appears in a general 


Survey paper on the sugar industries in Africa, which is presented in the 
fifth volume of a series of five volumes entitled "Sugar Y Azucar 
Yearbooks", published by the Sugar Y Azucar Journal in 1976, with D. Smith 
as the general editor. 
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performance of the sugar industry in Kenya. 


some Comments on Studies Related to the Sugar Industry in Kenya 


The publications by the Ministry of Agriculture and the Study by 
M.0. Odhiambo give the latest account of the Structure, conduct and 
performance of the Kenya sugar industry. Like all other previous studies 
on the sugar industry in Kenya, the latest studies are deficient ina 
number of respects. These studies have employed the static general linear 
models in the analyses, thus ignoring the dynamic nature of market 
relationships over time. No evaluation of the market relationships 
defined within a simultaneous equations framework appears to have been 
done. Such shortcomings may have led to the generation of biased results. 
Another deficiency in the previous studies is the fact that the studies 
have ignored an evaluation of cane or Sugar supply responsiveness to 
price changes. 

There is a need to conduct studies that utilize dynamic models in 
order to incorporate the effect of time factor in the structural variables 
of the sugar market. An incorporation of a flexible supply model in the 
analysis of the market is also considered useful. The fact that the Sugar 
imported is sold at fixed internal prices (Frank, 1964), does not hinder 
domestic production from responding to price changes. Finally, the 
existing information on the estimates of the structural variables of the 
Sugar market is relatively old and needs to be evaluated and updated. 

The objective of this study is to fill the gaps implied by the 
deficiencies in the previous studies and contribute to the existing body 
of knowledge by (i) carrying out the analyses under a dynamic setting 
(i.e., by using dynamic models); (ii) evaluating the results under the 


assumptions of both recursive and simultaneous equations systems for the 
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analytic models; (iii) evaluating the responsiveness of supply to price 
changes; and (iv) updating the results from Previous studies. A project- 
ions technique will be used in the assessment and evaluation of the 
current Government self-sufficiency policy for Sugar production. The 
review and discussion of the various analytic models are presented in 


the next chapter. 
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CHAPTER IV 


THE REVIEW OF THE RELEVANT ECONOMIC 
THEORY AND METHODS OF ANALYSIS 


Introduction 


The study sets out to examine and explain the characteristics of 
the sugar market under a changing socio-economic and political environment 
in Kenya. An understanding of these characteristics is essential in the 
formulation of market development and improvement proposals that could 
serve as policy guidelines to those involved in market planning. 

Many factors are likely to interact and influence a given market 
at any time so that certain postulates are made when analysing a market 
in order to reduce the range of these factors and the diversity of their 
influences. This chapter presents a review of (i) the fundamental concepts 
in economic theory that are relevant to the analysis of supply and demand 


for a given commodity; and (ii) the relevant methods of analysis. 


The Review of the Relevant Economic Theory 

Economic theory seeks to explain the behaviour of (i) households, 
(ii) firms, and (iii) central authorities. | From a macro-perspective, 
economic theory can be regarded as seeking to explain the characteristics 
of an economy. Conceptually, there are three types of economies: (i) one 
in which the decisions of individual households and firms exert the primary 
and major influence over the resource allocation; (ii) one in which the 
central authorities exert the primary and major influence over resource 
allocation; and (iii) one in which each of the three groups (viz., house- 


holds, firms and central authorities) exerts some influence over resource 


Ih. Lipsey and P.O. Steiner, Economics (New York: Harper & Row Publishers, 
2nd edition, 1969), pp. 72-73. 
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allocation. The first type of economy is called a free market economy, 
the second type is called a centrally-planned economy, while the third 
type is called a mixed-market economy and is the prevalent type of economy 


i The author would prefer to call the third type a 


in the world today. 
regulated market economy. 

An economic decision may involve planning for either production, 
sales or purchases. Prices have a major influence in determining such a 
decision, particularly in free-market and, to some extent, regulated 
market economies, since they act as the major signal to where resources 
Should be allocated. Hence, studies related to market analysis should 
give some emphasis to price analysis, which primarily focuses on supply 
and demand analysis. The sugar market in Kenya fits the model of a 
regulated market economy so that price analysis will be a major component 
in the analysis of the industry. 

Details of the basic postulates of (i) firm and industry supply 
curves, and (ii) consumer behaviour that results in market demand curves 
can be found in most textbooks on microeconomic theory .¢ The purpose of 
this section on the review of economic theory is to present a brief 
account of some concepts that are useful in supply and demand analyses 


before focusing on a detailed discussion of supply and demand functions. 


Ibid. 





examples of such textbooks include (i) R.G. Lipsey and P.O. steiner, 
Ibid.; (ii) J.M. Henderson and R.E. Quandt, Microeconomic Theory: A Mathe- 
matical Approach (New York: McGraw-Hill, Inc., 1971); (iii) H.L. Varian, 
pee Chom eat Analysis (New York: W.W. Norton & Company, Inc., 1978); and 
(iv) H.A.J. Green, Consumer Theory (London: Macmillan Press Ltd., 1976). 
Among the books cited, H.L. Varian gives the most concise treatment of the 
microeconomic theory. 
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Theory of Supply and the Supply Function 


The theory of supply is technically a theory of production. 
Production consists of transforming inputs into outputs. This technical 
relationship between output and the factors of production is expressed 
mathematically in a production function, which is defined only for non- 
negative values of the input and output levels. The selection of the 
optimal input combination for the production of a particular output level, 
or the selection of output combinations, depends on input and output 
prices and is the subject of economic analysis. | 

A basic postulate in the theory of supply is the notion that 
Producers make consistent decisions in relation to the choices open to 
them, the basic motivation being the desire to maximize profits. Profit 
maximization as the basic motivational hypothesis in the theory of 
Production has recently come under serious attack. A number of competing 
hypotheses, such as revenue and sales maximization, growth maximization, 
and some other managerial discretion theories, have been offered.* 
Without passing judgment on the superiority of any of the competing 
motivational hypotheses in the production theory, the profit-maximization 
hypothesis is considered a useful hypothetical premise in the analysis of 
supply responses as proposed in this study. 


Producers use the services of the inputs in the production of 


output. These services must be paid for. Such payments constitute 


‘hom. Henderson and R.E. Quandt, op. cit., pp. 52-55. 


“see, for example, W. Nicholson, Microeconomic Theory: Basic Principles 
and Extensions (Hinsdale: The Dryden Press. lnc. 5 1972), pp. 181- ae and 
J.V. Koch, Industrial Organization and Prices (Englewood CIS PTS SENG . 
Prentice- Hall, Inc., 1974), pp. 29-48. 
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Production costs. There are two types of inputs: (i) fixed inputs; and 
(ii) variable inputs. Costs associated with fixed inputs are called fixed 
costs, and these costs must be paid, regardless of whether the firm 
Produces at all. Costs associated with variable inputs are called variable 
costs: these costs are incurred only if production takes place and are a 
function of the level of output. The total Production cost is the sum of 
fixed and variable costs. 

Profit is defined as the difference between total revenue and 
total production cost, where total revenue is given by the product of the 
total quantity supplied and sold and the price of the commodity concerned. 
Under the profit-maximization hypothesis, producers are expected to vary 
the levels of output to ensure that the cost levels are consistent with 
Profit-maximization. Two conditions are necessary and sufficient for 
profit-maximization: (i) a given input must be utilized up to a point at 
which the value of the marginal product of the input equals its price; and 
(ii) profit must be shown to decrease with respect to further application 
of the given input after the point of equality between the input price 
and the value of marginal product is exceeded. 

The above conditions of profit-maximization will hold under the 
assumptions of both fixed and varying prices regardless of the number of 
inputs and outputs involved in the production process. Under all conditions, 
the profit-maximization hypothesis implies that producers are expected to 
adjust their production decisions in order to maximize profits at any 
given price and output combination levels. | Output combinations can thus 
expected to be based on a consideration of relative profitabilities of the 


alternative enterprises. Therefore, one can examine the response of 





SEM: Henderson and R.E. Quandt, op. cit., pp. 56-97. 
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Producers to changes in price levels under the hypothesis that producer 
behaviour is motivated by the desire to maximize profits. 

Input and output levels are rates of flow per unit of time. The 
period for which these flows are defined determines whether one is 
considering a short-run or long-run production function. For a short-run 
Production function, the period for which the flows are defined must be: 
(i) sufficiently short so that the producer cannot alter the levels of the 
fixed inputs; (ii) sufficiently short so that no technological changes 
occur; and (iii) sufficiently long to allow for the completion of the 
necessary production process. ! In the long run, all inputs are assumed to 
be variable, and the analysis can be shifted to a long-run basis by 
relaxing condition (i) above and defining the production function for a 
period long enough so that all inputs are taken as variable. These 
concepts are important in supply analysis, and are applicable in the 
determination of short-run and long-run supply functions. 

A supply function can be defined as a mathematical expression of 
the relationship between the quantity of a commodity that is supplied and 
the factors that influence its supply. Empirical determination of the 
supply function for sugar in Kenya is one of the main objectives of this 


study. 


Estimation of Supply Functions 


The supply function for a specified commodity could be estimated 
either for an individual firm (to obtain an individual supply function) or 
for the industry (to obtain an aggregate supply function). The aggregate 
supply function is mathematically a summation of the individual Supply 


"J.M. Henderson and R.E. Quandt, op. cit., p. 55. 























| rd ixiegat> abbie 2 ovat aarp ek ar 
) ; 

rome. 44 Hatt et es) feb ai? ve heey be J 
; a 
48 ‘i +e ey . > a , F i f J wepsue bas. tqe ve 


efeuy teat 1 24o!? -enetd dott ee 

jb ae 

win NP rouor : 4. “0 carton pntvettas 
mit vpi contd nor soaut oot 

) yenigh ‘tee trode uiscotottas 

(St ‘ase =" <1 SeePore ine {it ee r be 
iy oF Wo pe ct Sud Ghote oPrtue (teh) bas. te 
! oe 

't Ste 2SOMg nots oubota ie rF 

hi pov vie et ngs sim sue oat bnG whe aty 
fhe exen! ioe Soe avede. AH) inehatinah ost 
“AGN deg =m | > fie o5e> Se Apwvons pa gt bo 


sper’ beoue ot yeaivogmt ows 2sqee 


Cj 
1 7. : 7 
i + Ss. 
ub Vigeue o-oe! fee ays -orod FO. OTST 
: ; Pa 1d 
, \idtqnon® ou # 2’ harmtteb et ook we Viage F 


Ww 
rhanmos Btn yet tarewp set qed od gislznotdst ; 
| vob Peskufa. celmaue 29? anise oeat 10 % 

“ 3 


co négoy She F6.can0, 27 eyRan a tuba Be 0F aotoanu MT 


if 


+ 


tyes oof > Abang uihibliieiiaae 8 






54 ios tof ay | halt a nt nines nFatdo ag I mt Sere ae 
=a gels ray 
sharers alt |e pore ek cae 2 soereye as itetdo 07 a 
ie, Tu vie ay a sui We 6 Sie wet a rs 
ws » eae a Si 7 i : 7 . 
ty om ; 


























80 


functions for all the firms in the given industry. 

Supply functions could be derived through a production-function 
route. This approach would involve: (i) an empirical determination of the 
production function; (ii) calculation of the input and output combinations 
that are consistent with the empirical production function; (iii) calculation 
of average fixed and variable costs that are associated with the various 
output levels, and (iv) derivation of the supply functions from the cost 
curves obtained by using the data generated in step (iii) of the analysis. 

The derivation of average fixed and variable costs that are 
consistent with output levels given by the empirical production function 
enables the analyst to obtain data from which to plot average total cost 
curve (ATC), average fixed cost curve (AFC), average variable cost curve 
(AVC) and marginal cost curve (MC). Marginal cost is the additional cost 
of production that is incurred by further application of a unit of the 
variable inputs. Theoretically, one can derive the marginal cost function 
from the total cost function. In practice, there are difficulties in 
determining an empirical marginal cost curve. | 

After having determined the cost functions, one derives the short- 
run supply function as the segment of the marginal cost curve that is 
above the average variable cost curve. In the long run, all total costs 
must be covered for a production process to be economically viable so that 
the long-run supply function can be conceptualized as the segment of the 
marginal cost curve that is above the average total cost curve. Figure 


4-1 gives the various average cost curves and the implied supply functions. 


Teor a detailed discussion of the derivation and properties of cost 
functions, see J.M. Henderson and R.E. Quandt, op. cit., pp. 70-79. 
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FIGURE 4-1 


Average Cost Curves and 
Derived Supply Functions 


] 


Cost ($) 
per Period 


Output (q) 
per Period 





Empirically determined production function would be a useful policy 
guide because such a function would give a description of the actual rather 
than the theoretical physical relationship between inputs and output. 

The empirical production function would also enhance one's knowledge or 
understanding of the basic production system, thus facilitating the 


discovery of means to control output levels when necessary. This knowledge 


Notes to Figure 4-1: 
(i) My = minimum of AVC 
(ii) M, = minimum of ATC 
Conceptually: 
(iii) Short-run Supply Function = MC above My 


(iv) Long-run Supply Function = MC above My 
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would further be enhanced through the derivation of supply functions from 
the empirical production function when necessary. However, there are 
inherent difficulties in fitting production functions and deriving supply 
functions from such fitted production functions for agriculture, especially 
at the macro level. 

Empirical determination of production functions in agriculture, 
particularly at the macro level, is hampered by the problem of measurement 
and aggregation of inputs. This problem has led economists to adopt the 
use of directly determined supply functions, rather than empirically 
determined production functions, as policy guides for agricul tural 
production. | The problem of measurement could be minimized if proper and 
Standardized input records for farms were kept, but a complete elimination 
of the aggregation bias would be difficult to achieve for agricultural 
production. 

Given the problems encountered in empirical determination of 
Production functions and when deriving supply functions through the 
production-function route, particularly in relation to derivation of 
average cost curves, one can understand why the direct estimation of the 
supply functions for agricultural products has become the conventional 
approach to the generation of data for production policy guidelines. 
Direct estimation of the supply function involves the specification of 
quantities supplied as a function of the factors that influence the level 


of supply followed by econometric estimation of the implied supply- 


uae Yorgason and D.E. Spears, "The Canadian Agricultural Production 


Function," Canadian Journal of Agricultural Economics, Vol. 19, No. 1 
(July 1971), pp. 66-76. 
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estimating model. The supply relationship may be estimated for an 
individual firm or the industry, but the researchers are often interested 
in the aggregate (industry) relationship, which is the aspect of interest 
in this study. 


a product that is supplied 


If a is the total quantity of the i 
by a given industry during a specified time period t, several factors are 
likely to influence the observed level of supply. For analytical purposes, 
only the major influencing factors are considered. The various influencing 
factors can be classified into: (i) the price of the given product (P.)s 
(ii) the prices of competitive products (P55 (iii) the prices of 
complementary products (P.)5 (iv) the prices of the inputs (P.)5 (v) the 
state of technology (T); and (vi) other exogenous factors (V), such as 


weather or the political and socio-economic environment. The aggregate 


function of the jth product can then be expressed as: 
sae 
Qt 3 F(P., Pes ee TG V) (4-1) 


with the expectations that F. va id Fs ae: Fe =. Fe < 0; and Fe > 0, 
where the subscripted F notations are the partial derivatives with respect 
to the appropriate factors at the specified time period, and F in the 
formula gives the functional relationship. 

The partial derivatives give the expected effects of the appropriate 
factors on the supply of the given product. For instance, F. > 0 implies 
that the quantity supplied is expected to increase when the price of the 
given product rises, while Fi < 0 implies that the quantity supplied is 
expected to decrease as the prices of competitive products increase. No 
specific expectations are assigned to V (= other factors, such as policy 


and weather) a priori: this issue is subject to empirical determination. 
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Several alternatives of production may be open to producers at 
any time. Production of some commodities may involve either competitive, 
supplementary or complementary product-product relationships. | These 
terms refer to the degree of competition for available resources in the 
Production of different commodities. Two products are competitive if the 
output of one can be increased only through the decrease in the output of 
the other. If two products are complementary, then the output of the two 
products can be increased at the same time, without making any sacrifices 
in the level of any output. Supplementary products can be regarded as a 
special case of complementarity: two products are supplementary if, for 
a given level of resources, the output of one product can be increased 
without affecting the level of the other output. 

The product-product relationships will normally vary depending 
on the levels of output, but the common situation is where the products 
compete for the available resources and are therefore said to be 
competitive. The effect of the prices of other commodities on the supply 
of a given commodity will thus depend on the type of relationship between 
these commodities and the given commodity. The effect is negative in the 
case of competitive relationship and positive in the case of complementary 
relationship. Hence, it is important to know the relationships existing 
among crops that can be produced in a given region when analysing crop 
supply responses. This relationship is competitive in the case of sugar 


production in Kenya. 


lror a detailed discussion of product-product relationships, see E.0. Heady, 
Economics of Agricultural Production and Resource Use (Englewood Cliffs, 
N.J.: Prentice-Hall, Inc., 1961), pp. 217-233. 
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Technology affects supply through its effect on productivity. 
Improved production methods lower production costs and increase the 
profitability of a given enterprise and are thus likely to result in a 
shift in the supply curve. The time trend variable has been used in 
supply response analysis mainly to account for systematic changes over 
time which are not accounted for by any other variable in the estimating 
model. The estimated coefficient of the time variable is then interpreted 
as a measure of autonomous changes which are expected to affect only the 
intercept term of the estimating model, leaving the structural coefficients 
of the model unaffected. Consequently, a time variable will also account 
for changes in technology and other qualitative factors over time. 

Finally, the political and socio-economic environment may be 
expected to influence the supply of a given commodity. The major variable 
to be considered is the government policy. The systematic effects of the 
changing political and socio-economic environment will normally be 
reflected by the coefficient of the time variable, but one may introduce 
the effects of major policy changes in the estimating model through the 
use of a dummy variable. The use of dummy variables presupposes that only 
the intercept term of the model changes and that the structural coefficients 
of the model remain constant over time, a presumption that is also made 
when using the time trend variable. 

As presented in equation (4-1), the specification of the supply 
function is based on the assumption that the producers will respond 
spontaneously to changes in the factors which influence supply, by adjusting 
their production levels so that the quantities implied by the model are 
supplied. In the case of agricultural production, there is usually a long 


time lag, from the time the decision to produce is made to the time the 
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Output is ready for the market. The time lag depends mainly on the 
maturation period of the agricultural product concerned. Hence, the 
supply function given by equation (4-1) has to be modified in various ways 
in the analysis of sugar supply response. Such modifications will be 


demonstrated in a later section of the chapter. 


Measurement of Supply 


The relation of supply to each of the variables upon which it 
depends can be studied by analysing the supply response to changes in a 
given variable while holding each of the others constant (the ceteris 
paribus principle). Since the main objective of studying the relation of 
supply to the variables upon which it depends is normally to get some 
information which can be used when planning either for production or for 
the improvement of the market for a commodity, the most important variable 
is the price of the commodity. 

A supply schedule refers to a table which summarizes the quantities 
of a commodity the producers are willing to sell at different prices for 
the commodity. When this information is plotted on a graph, a supply 
curve is obtained. The quantity of a commodity supplied increases as its 
price increases, and this relationship is illustrated by an upward-sloping 
curve. The supply curve shifts to the right (an increase in supply) if 
the prices of other commodities fall, or if the costs of producing the 
commodity fall, or if producers become, for any reason, more willing to 
produce the commodity. Opposite changes shift the supply curve to the 
left (a decrease in supply). 

Elasticity of supply of a commodity is defined as the percentage 
change in quantity supplied resulting from a percentage change in the 


price of the commodity, and is thus a measure of the degree to which the 
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quantity supplied responds to price changes. By taking infinitesimal 
changes in quantities and prices, one gets the point elasticity of supply, 
which is the concept of elasticity that is used in theoretical discussions 


and is mathematically given as: 


"(pes) = =e 


pe, 


where dQ/dP is the derivative of quantity supplied with respect to price 
at a point on the supply curve, P and Q are the corresponding price and 
quantity at that point, and "(pes) is the price elasticity of supply. 
Elasticity of supply is an important measure of producers' response 
to changes in economic incentives such as price. The elasticity depends 
largely on how costs behave as output is varied: if costs of production 
rise rapidly as output rises, then the stimulus to expand production in 
response to a price rise will be low, and the implied supply function will 
be price inelastic. Conversely, if costs only rise slowly as production 
increases, a price rise is likely to result ina large increase in the 
quantities supplied, and the implied supply function will be elastic with 


respect to prices. 


Theory of Demand and Demand Functions 


The theory of demand is often called the theory of consumer 
behaviour. The amount of conmodity which consumers desire to purchase, at 
a given state of all the factors that influence their willingness to make 
these purchases, is called the quantity demanded of that commodity. The 
quantity demanded is thus a desired quantity and is not necessarily the 
quantity that the consumers actually succeed in purchasing. Since the 
desired quantities are unobservable, a basic assumption in empirical 


demand analysis is the notion that the actual purchases are a true 
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reflection of the desired quantities. For this reason, empirical 
determination of demand functions is based on actual purchases. 

The basic motivational hypothesis in the theory of demand is the 
assumption that consumers desire to maximize utility from the commodities 
they plan to buy subject to their income constraint. Utility is conceptu- 
ally the satisfaction which a consumer derives from the possession of a 
given commodity. ! A consumer is said to possess a utility function that 
can be maximized if certain basic axioms are satisfied. These axioms 
comprise (i) comparability (completeness); (ii) transitivity; (iii) 
rationality in selection; (iv) monotonicity (non-saturation); (v) continuity 
of preferences; (vi) strict convexity; and (vii) smoothness of indifference 
curves .? 

The actions of a consumer are said to be rational and consistent 
if none of the axioms given above are violated. If axioms (i) through (iv) 
are satisfied, then a consumer is said to exhibit downward-sloping 
indifference curves. If axioms (v) through (vii) are satisfied, then, for 
any pair of commodities q, and q5> and given the quantities of all other 
commodities, the marginal rate of substitution (MRS) of xt for q. is a 
continuous and decreasing function of oe 

If the consumer behaves rationally and consistently so that a 
utility function for this consumer does exist, and if this consumer has a 


selection of the commodities Gy> Ie +++> Oy, available to him for purchasing 


at prices Py> Pos s++> PL respectively, then the utility-maximization 


‘The terms output, product and commodity are synonymous and are used inter- 
changeably in the theory of supply and demand, 

eror a detailed discussion of the axioms and the associated concepts, see, 
for example, H.A.J. Green, op. cit., pp. 21-44. 


Sibid., p. 34 and p. 43. 
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conditions require that the consumer equates the ratio of marginal 
utilities to the ratio of prices for any pair of commodities. At the 
utility-maximization level, the marginal rate of substitution (MRS) must 
be equal to the ratio of the marginal utilities along any indifference 
curve, where MRS is the rate at which one commodity must substitute 
another in order to maintain the same utility level.! An indifference 
curve defines the locus of commodity bundles (i.e., commodity combinations) 
that yield the same level of utility to a consumer. 

The equality of MRS and the price ratio is a necessary condition 
for utility maximization. The assumption of strictly convex indifference 
curves guarantees that the second-order (or sufficient) conditions for a 
maximum are satisfied.* If one considers the utility-maximization 
conditions, one can conclude that, given the level of consumers' income, 
the price of a commodity is a major determinant of the demand for the 
given commodity. 

The quantity demanded of a commodity depends on the consumer 
tastes or preferences, the price of the commodity, the prices of other 
commodities, the size of the population and the distribution of income. 
Tastes are not quantifiable and are often taken as given when carrying 
out economic analysis. However, it is known that when tastes change, for 
whatever reason, there are increases in the quantities of some commodities 


that are demanded and decreases in the quantities of others. The higher 


‘urs is sometimes referred to simply as the rate of commodity substitution 
(RCS). 


cFor example, see J.M. Henderson and R.E. Quandt, op. cit., pp. 14-19 for 
a discussion of the derivation of the utility-maximization conditions. 
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the price, the lower the quantity of the commodity that is expected to 

be demanded. The relevant aspect of a price change in demand analysis is 
that the price changes in relation to the prices of other commodities. 

For example, a price change would have a greater impact on demand if the 
price of the given commodity changed while the prices of other commodities 
remained constant, or if the price of the commodity remained constant 
while the other prices changed. 

Commodities can be either substitutes or complements. If two 
commodities are substitutes, then one can be used to satisfy the same 
needs as the other, and the consumer would be expected to buy the cheaper 
one. If two commodities are complements, they tend to be used together. 
The expected effects of price changes are that: (i) a decrease in the 
price of a substitute will lead to a decrease in the demand for the 
original commodity; and (ii) a fall in the price of a complement will lead 
to an increase in the demand for the original commodity. 

The demand function for a specified commodity can be defined as 
the mathematical expression for the relationship between the quantity 
demanded and the factors which influence demand. If the expression gives 
the relationship in terms of the quantities demanded by an individual 
consumer, the relationship is referred to as an individual demand function. 
If the expression is given in terms of the quantities demanded by all the 
consumers, the relationship is referred to as an aggregate demand function. 
The two types of relationships are related in that the aggregate demand 
function is mathematically a summation of all the individual demand 
functions for a given commodity. 


A general demand relationship can be expressed as: 


ce 
Q. = F(P., Pos Pes ae T) (4-2) 
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with the expectations that f. < Qs le mats: fy > 0; fr > 0; and Te Li 


where at = quantity demanded 


P. = price of the commodity 
Be = price of complements 
ue = price of substitutes 

Y = disposable income 


T = time variable (a trend factor) 
The subscripted f notations are the partial derivatives of quantity 
demanded with respect to the appropriate variables. These partial 
derivatives give the signs of expected effects of the various variables 
on the level of demand. As implied in the preceding paragraph, equation 
(4-2) either defines an individual demand function if variable Qe is the 
quantity demanded by an individual consumer and the variable Y is the per 
capita disposable income, or an aggregate demand function if af is the 
total quantity demanded by all consumers and Y is the total disposable 
income (for all consumers). Equation (4-2) includes a time trend factor 
as an explanatory variable. The time trend variable is introduced in 
order to account for autonomous changes or other qualitative factors not 
accounted for by any other variable in the model. For instance, changes 
in tastes cannot be quantified and the time variable will account for 
such changes, if any. 

In order to facilitate the analysis of the effect of each variable 
on the quantities of a commodity that are demanded, each variable is 
allowed to change while holding all the other variables constant and the 
resulting changes in the quantities demanded are observed. In demand 
analysis, the main interest lies in the examination of the effects of 


changes in prices and income on the quantities demanded. 
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Changes in the price of the given commodity, as well as changes in 
the prices of all other commodities, will influence the level of demand 
for the given commodity. The actual effect of the changes in the prices 
of all other commodities will depend on whether these other commodities 
are substitutes or complements relative to the given commodity. There 
are cases where commodities are neither close substitutes nor complements , 
so that the demand for one commodity is expected to remain unchanged when 
the prices of the other commodities change. The demand schedule gives in 
a tabular form the quantity demanded of a commodity at different prices, 
holding all the other factors which influence the demand constant. When 
the data from a demand schedule is plotted in a graph, a demand curve, 
which is downward-sloping, is obtained. The demand relationships are 


developed and discussed further in later sections of the chapter. 


Measurement of Demand 
The responsiveness of quantities of specified commodities or 


| which are demanded to changes in the variables upon which demand 


goods 
depends is measured by demand elasticities. 

The price elasticity of demand is defined as the percentage change 
in quantity demanded resulting from a percentage change in price of the 


commodity: this concept can be expressed mathematically as: 


"(ped) = - 68) 


where "(ped) is the price elasticity of demand for the given commodity, 


dQ/dP is the derivative of quantity demanded with respect to price at a 


'The terms commodities and goods are synonymous and are used interchangeably 


in demand analysis, although the latter term is used more frequently. 
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particular point on the demand curve, and P and Q are the price and quantity 
levels at that point. From the theoretical reasoning that the quantity 
demanded should decrease as price increases, or increase as price falls, 
the expression dQ/dP will give a negative value, and the negative sign must 
be inserted in the definitional formula in order to get positive values 
for the price elasticity of demand. Other measures of responsiveness of 
quantities demanded to changes in economic variables include income and 
cross-price elasticities. 

Income elasticity of demand measures the percentage change in the 
quantity demanded resulting from a percentage change in income, and can 


be expressed mathematically as: 


"(yed) = aay 


where dQ/dY is the derivative of quantity demanded with respect to income, 
Y and Q are the corresponding income and commodity levels, and "(yed) is 
the income elasticity of demand. Goods can be categorized into two broad 
classes, depending on consumption behaviour with respect to changes in 
income: these classes are (i) normal goods, and (ii) inferior goods. For 
normal goods, increases in income lead to increases in quantities demanded 
so that income elasticity will be positive. For inferior goods, an increase 
in income leads consumers to demand less of the commodity and income 
elasticity will be negative. However, there may be some situations where 
individual and/or aggregate demand schedules may be unaffected by the 
level of income, so that the income elasticity is zero. An example may be 
a situation where the consumers have relatively high income levels. 

The responsiveness of demand for a given commodity to changes in 
the price of another commodity is called cross-price elasticity of demand 


and is expressed mathematically as: 
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"(ced)- == 3 i 





where "(ced) is the cross-price elasticity of demand for jth good with 


respect to jth 


good, qQ,;/dP., is the derivative of the quantity of the gen 
commodity that is demanded with respect to the price of the jth commodity, 
and P and Q: are the corresponding price and commodity levels. Goods 
can be classified either as complements or as substitutes, the two broad 
classes being based on how the quantities of a given commodity that are 
demanded change as prices of other commodities Change. Complementary 
goods, such as sugar and tea (as a beverage), will have negative cross- 
price elasticities while substitute goods, such as coffee and tea (as 
beverages) will have positive cross-price elasticities. The closer the 
relation of substitutability or complementarity between goods, the larger 
the quantity reaction for a given price change. If any two goods bear 
little relation to each other, one expects their cross-price elasticities 
to be close to zero. Generally, the price elasticity of demand depends 
on the degree of availability of close substitutes. Commodities having 
close substitutes will exhibit relatively high price elasticities of 


demand. 


Some Further Reflections on the Concept of Elasticities 


As presented in the separate subsections on the measurements of 
supply and demand, the concepts of elasticity are normally discussed 


either in terms of arc elasticities or point elasticities. | Arc elasticity 


Ley for instance, W.J. Baumol, Economic Theory and Operations Anal Sys 
4th edition (Englewood Cliffs, N.J.: Prentice-Hall, Inc., 1977), pp. 183- 


190. 
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is a measure of average responsiveness to price changes exhibited by the 
supply or demand curve over some finite segment of the curve, such as AB 
or CD in Figure 4-2. Hence the arc elasticity concept involves use of 
finite ranges of variables. Point elasticity is then the corresponding 
concept when the responsiveness is considered for each particular point 
On the supply or demand curve, for instance at point A, B, C, or D in 


Figure 4-2. 


FIGURE 4-2 
Measurement of Supply and Demand Elasticities 


Price (p) per 
Time Period 


Quantity (q) of 
commodity per 
Time Period 





Point elasticity is determined by taking partial derivatives at 
the appropriate points in order to obtain proportionate changes in 
quantities and prices. Hence point elasticity may be taken as the limit 
of the arc elasticity value as the finite segment (arc) considered (e.g., 
AB or CD) is made infinitesimal. Except for a few special cases whereby 


a curve or a straight line exhibits a constant elasticity over its entire 
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segment, the common situation is one in which elasticity changes as one 
moves along a given segment of a straight line or a curve. The preceding 
considerations give rise to the following properties for the measures of 
elasticity: | 

(i) Given any segment of the demand curve, a change in price 
within that curve will have no effect on the product of price (p) and 
the quantity demanded if and only if the elasticity of demand throughout 
the range is exactly equal to unity; 

(ii) If a demand curve is inelastic (i.e., if the curve has an 
elasticity less than unity), a rise in price will raise consumer 
expenditure (pq) and vice versa; 

(iii) If the demand curve has an elasticity greater than unity 
(i.e., if the curve is elastic), a fall in price will raise consumer 
expenditure and vice versa. 

An omission that one often finds in the discussion of elasticities 
is the question of what happens to the values of elasticities at very low 
and very high general levels of the economic variables such as price and 
income relative to the supply or demand for a specified commodity. A 
general postulate that is often made is the notion that the price 
elasticity of demand approaches zero as the point of intersection between 
the demand curve and the horizontal axis is approached and that this 
elasticity approaches infinity as the point of intersection between the 
demand curve and the vertical axis is approached. Similar postulates hold 


‘60 W.J. Baumol, op. cit., pp. 188-189; note that the properties are more 


applicable to demand curves since supply curves are unlikely to be hyper- 
bolic and unitary elastic from theoretical considerations. 
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if the supply curve intersects with the horizontal or vertical axis. 
These postulates could be confirmed or tested in empirical analysis. 

Some studies have shown that the length of time period over which observ- 
ations on price and quantity changes are made will influence the value of 
estimated elasticities. An analysis of elasticities could thus examine 
the influence of time on calculated elasticity measures. 

This study will examine the range of elasticities at low and high 
price levels, and attempt to assess the effect of time on the calculated 
elasticity measures. Referring to Figure 4-2, empirical estimates of 
elasticities at points like E and F on the demand curve and G and H on 
the supply curve will be made, thus facilitating the establishment of 
the confidence interval or the range for the estimated elasticity 
measures. This is a concept which appears to be useful in empirical 
Studies, such as this one, though it has rarely been discussed or 


evaluated in empirical supply and demand analysis. 


The Review of the Methods of Analysis 

Introduction 

This section of the chapter focuses on the methods that are used 
in supply and demand analysis and the related literature. Such literature 
is extensive, but the basic concepts covered in such literature are 
Similar and can be isolated. The objective of this review is to present 
such concepts, emphasizing those aspects that are considered more 
relevant to this study. 


‘See, for example, W.G. Tomek and K.L. Robinson, "Agricultural Price 


Analysis and Outlook," in L.R. Martin, ed., A Survey of Agricultural 
Economics Literature, Vol. 1 (University of Minnesota Press, 1977), pp. 
329-409. 
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An Overview on Empirical Demand and Supply Analysis 


The classical model of demand and supply analysis is attributed 
to Alfred Marshall, | and may be discerned in his famous works. In the 
Marshallian model, price is assumed to be the major factor that 
influences the quantities of a given commodity that are demanded and 
supplied, since income is held constant. A common representation of the 


demand and supply relationships in the Marshallian model is: 


(i) Demand function: q? aantiayP 


fe) ] 


at : S (4-3) 
(ii) Supply function: Q° = by + bP 


where q? = quantity demanded; 
9° 


P = price of the commodity; 


quantity supplied; 


and ay> ay bo? and by are the underlying structural coefficients 
(parameters) of the models. Economic theory gives various reasons why 
ay and bj should be expected to be negative and positive respectively. 
No expectations on the signs of ay and bo can be imposed a priori. The 
theory also asserts that he and Q° are determined simultaneously in the 
market. Hence a complete study of a market should include an analysis of 
the process whereby buyers and sellers arrive at a price P that equates 
q¢ and gs.é 

Various theoretical descriptions have been put forward to explain 


how P could be attained. A common hypothesis in the theory of price 


Ve Marshall, Principles of Economics (London: Macmillan and Company, 1920); 
see A.C. Chiang, Fundamental Methods of Mathematical Economics (New York: 


McGraw-Hill, Inc., 1967), pp. 428-430. Note that Marshall's book was 


first published in 1890. 


esee A.C. Chiang, op. cit.; and C.F. Christ, Econometric Models and Methods 


(New York: John Wiley & Sons, Inc., 1966). 
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formation is the idea that the equilibrium price results from an 
auctioneering type of process. The theory assumes that either function 
(ice?; the or Q°) Operates alternatingly as if buyers and sellers announce 
in turn what prices they set or what quantities they are willing to trade. 
The result is an iterative process which, under certain conditions, will 
converge to the equilibrium price P so that the market is cleared, with 
the quantity Q being traded. 

The equilibrium price and quantity (P,Q) represent the point of 
intersection of the demand and supply functions. If shifts occur in 
either function, or in both functions, for whatever reason, there will 
be variations of the equilibrium price and quantity. Such shifts are 
likely to occur over time and can be induced by variables other than 
price that influence the level of supply and demand schedules. Hence a 
dynamic theory is important in the analysis of a market over time. A 
dynamic theory is one into which time enters in such a way that changes 
can occur in the variables of a model even though the structure of the 
model does not change. | Empirical analysis employs either recursive 
equations systems in which price and quantity are assumed to be determined 
sequentially or simultaneous equations systems in which price and quantity 
are assumed to be determined instantaneously. 

If shifts in the functions occur, adjustments to new conditions 
may take some time to work out. In empirical studies, variables other 
than price that influence demand and supply schedules have to be accounted 
for in the model in order to allow for variations in the equilibrium price 
and quantity. This is usually achieved by summarizing the effects of 
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minor variables in the stochastic variable and by incorporating the major 
variables in the model. | Under such conditions, equation (4-3) can be 


modified and rewritten as: 


« ke : d 
(i) Demand function: Q, it a,P, 1 U 


A i ae ] (4-4) 
(ii) Supply function: Qe by + b)P, + V, 


where the stochastic variables U, and V, are used to represent the effects 
of all other factors, other than price, that influence the demand and 
supply schedules and the t-subscripts denote observations at a specified 
time period. 

The demand and supply functions as specified in model (4-4) form 
the basis of the models used in empirical demand and supply analysis. In 
the analysis of the sugar industry in Kenya, various modifications to the 
equations given in model (4-4) are needed, as will be described in later 
sections of the chapter. The determination of the functions within a 
simultaneous equations framework is likely to improve the reliability of 
estimated coefficients. Hence both the demand and supply functions will 
be estimated first as single equation models and then as simultaneous 
equations model in order to compare and assess the results. The procedures 
involved, including the derivation of the models, are discussed in a later 
section. 

If a market is not in equilibrium initially, the adjustment 
process, given sufficient time, may lead to equilibrium. In the absence 
of market intervention, particularly from central authorities, price 
changes are governed by relative strength of supply and demand forces. 
Where central authorities participate in market decisions, particularly 


"A.c. Chiang, op. cit., pp. 428-430. 
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in price regulation, their role may be likened either to that of an 
auctioneer, if prices are regulated with due consideration of supply and 
demand forces, | or to that of intervention if their actions hinder normal 
market adjustment processes. 

From the above considerations, regulated markets, such as the 
Sugar industry in Kenya, may take a long time to achieve the equilibrium 
Price and quantity. Parametric studies of production and consumption of 
sugar in Kenya (i.e., analysis under alternative price or growth rate 
assumptions) could be used to estimate the time when supply and demand 
are likely to balance. This approach will be the basis of the formulation 
of a market development and improvement model that could find useful 


application in the sugar industry in Kenya. 


Supply and Demand Analysis in Relation to the Sugar Industry in Kenya 


Complete specification of a model would require the expression of 
the dependent variable as a function of all the factors that influence 
this variable. In practice, inclusion of all such factors in the 
estimating model is virtually impossible. The researcher should therefore 
specify the model in such a way that the number of coefficients in the 
complete model is reduced in order to make the estimation of the 
parameters feasible without sacrificing much of the information that 
should be obtained from the model. This statement implies that the model 
should satisfy the basic restrictions derived from the economic theory 
and be applicable in empirical studies. 

Cane is the raw material for all sugar produced in Kenya. Sugar 


processors have to deliver all of their sugar output to a Government 


') basic concept in the theory of price formation. 
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marketing agency, KNTC, for distribution. Frequent cane shortages result 
in the operation of sugar mills below their rated capacities. If the 
level of cane production could be raised and there was a necessity to 
establish more sugar mills in order to cope with increased cane supplies, 
the Government would finance such projects. Given these facts, one can 
assert that increased supply of sugar from domestic sources will depend 
On how responsive the cane producers are to cane price changes. Hence 
the supply response analysis is done by examining the responsiveness of 
cane deliveries to the sugar mills and the related responsiveness of 
Sugar supply to changes in cane and sugar prices respectively. 


Consumption of a given commodity is assumed to be inversely 


related to its price and directly related to the number of consuming units. 


However, consumers must have purchasing power so that the distribution of 
disposable income among the consuming units is an important consideration. 
The general level of prices and the purchasing power of consumers are 
normally taken into account in the analysis of demand by considering the 


real magnitudes of the prices and personal disposable income. 


Supply Response Analysis: Theoretical Background 


Agricultural production is characterized by relatively long 
maturation periods, i.e., from the time the decision to produce is made 
and implemented to the time the product is ready for the market. This 
time lag, which depends on the biological characteristics or the type of 


agricultural product, is crucial in the construction of an agricultural 


‘S6@ Government of Kenya, Development Plan, 1974/78 (Nairobi: Government 
Printer, 1974). 
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supply response model .| This section reviews the theory behind the models 
that are used in the analysis of the supply of sugar in Kenya. 

The nature of sugar supply response to cane and sugar price changes 
could be examined in terms of (i) the responsiveness of cane producers to 
cane price changes, and/or (ii) the responsiveness of the sugar suppliers 
to sugar price changes. Under the condition that increased sugar supply 
is being limited by shortages of cane deliveries to the mills, the first 
type of supply responsiveness needs more emphasis. Under this assumption, 
variations in the quantity of sugar produced and supplied in the market 
are explained by changes in the quantities of cane produced and delivered 
to the processing mills. 

At a specified time period, the quantities of cane delivered to 
the mills are directly related to the cane acreage. For a given region, 
average yield tends to remain relatively constant over time. However, 
changes in average yield can occur as a result of the adoption of 
improved husbandry techniques, or new technologies in general. Hence 
changes in quantities of cane harvested and delivered to the mills could 
reflect either changes in cane acreage or improvements in husbandry 
techniques, or both. From such considerations, the analysis of supply 
responsiveness to price changes could be approached from any of the 
following three related aspects: 

(i) Cane Acreage Response (CAR), which is largely determined by 
rates of planting and uprooting or destocking; 


(ii) Cane Yield Response (CYR), which is normally influenced by 


lbor example, see M. Nerlove, "Estimates of Elasticities of Supply of 
Selected Agricultural Commodities," Journal of Farm Economics, Vol. 38, 
No. 2 (May 1956), pp. 496-509. 
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such factors as land type, weather and state of technology; 

(iii) Total Production Response (TPR), which relates to the changes 
in the actual quantities of cane delivered to the mills for processing 
over time. 

The latter type of supply response analysis (i.e., TPR) is considered to 
be the most appropriate approach in this study because this approach will 
generally encompass and directly account for changes in both the cane 
acreage and cane yields over time. 

Cane is a semi-perennial crop which has an economically productive 
life of about six years, depending on altitude and harvesting techniques: 
the period between the time the cane is planted and the first harvest is 
about two years, but ratoon crops will normally take a shorter time to 
mature. | 

Cane production can be regarded as a form of investment in farming 
whereby costs incurred now are related to a stream of net income in the 
future. Under this basic postulate in the theory of investment, cane 
producers are expected to vary the rate of cane planting, or at least vary 
the effort put into improving the husbandry techniques, according to 
expected profits. Expected profits can be defined as the difference 
between the expected returns and the total production cost. Expected 
profit is usually derived in terms of the discounted value of the returns 
from the investment. Generally, producers of cash crops are price-takers, 


and this is true in the case of cane production in Kenya, but they do have 


Ver instance, see J.D. Acland, East African Crops (London: Longman Group 
Ltd., 1971), pp. 192-201. After the so-called plant crop and the first 
two ratoon crops are harvested, yields decline geometrically. The crop 
becomes uneconomical to harvest and is ploughed out in order to plant a 
new crop. 
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some control over output. Hence cane price is a major variable influencing 
the cane production decision and, consequently, the amount of sugar 
produced. 

The pioneer work on supply response analysis for agricultural 
products is attributed to Marc Nerlove (1956), who devised means to 
incorporate lags in the adjustment of agricultural supply to the changes 
in economic and institutional conditions. The long maturation period, 
from planting to harvesting, for most agricultural products is the main 
cause for such lags in the supply of agricultural products. To account 
for such lags, Marc Nerlove! formulated and introduced a lagged form of 
supply response model. This type of model has a lagged dependent variable 
as an explanatory variable. The coefficient of this explanatory lagged 
dependent variable reflects the magnitude of the coefficient of adjustment. 
The coefficient of adjustment, which is often referred to as the adjustment 
parameter, indicates the rate at which the adjustment of supply to changes 
in economic incentives can be expected to occur. The adjustment parameter 
is obtained from the estimate of the model by subtracting the estimated 
coefficient for the lagged dependent variable from unity. 

Several models for forecasting supply of agricultural products 
have been developed and used in empirical studies since Marc Nerlove's 
work was published in 1956. All the conventional models for the analysis 
of the supply of agricultural products contain the lagged structure that 
was proposed by Marc Nerlove and are therefore said to be specified 


following the Nerlovian adjustment hypothesis. 


105 


"Mw. Nerlove, "Estimates of Elasticities of Selected Agricultural Commodities," 


Journal of Farm Economics, Vol. 38 (May 1956), pp. 496-509. 























I - = oo as 
‘ i _ : 7 ; - Le con - j''~< 
' ' ; A ‘ Lip 
% ie a — ane 


& AF woltig anne gona a sitle of 


{..cyfneopaannd ohne nal eta sb nohauond & me 9 ws 


‘ = 
4 7 
7 


rovinas eehogesy vi neve fo dvd tesaota ot aa 
<a 


iw , fO0eT) . yiet of betugl 22m eb 2gSneemE 


, 
_ 


aa in + 5 ee 
re ‘ellos ot? af 208. sravoqwaog 
ee i 
HMurtlent bas. ofie 208: | 


7 : - : : : na —_ = 
sf ‘eon s6t . oo tiveyaedl- ot Griveniee 
‘ 


| Fi 3g , ar fit 2 
. Kk 
i a a? Lenya? vole 
P ; * 
a ee s 2raty j ope 
N. 
ray x -—a%. 5 | = tah! Le vi we satan ns 
. i 
~< - ~ » -« ~<a ) Yaar i dee : 
a ‘noun ott gfosltay a1 CBTIBY F 
CELE - ow yl hRieuboe TO {Nato _ ; 
: ad m of a 
a? “at w 76.09en an? cotpaton! adem 
& 2 
f ie ede : nh n" ee 
aa 1a be (32 90 WBS pv PTS INE PAIS 
- , | ned 
aS - : ; _ ae 
? ) ora itizs ait mov? Dane 
ee Os fa 
4 i * i 
vi ’ lds y sphere by 039 if o Wa 3H 


| ee ae ott denoarvo’ "0 2! yhon lesiat 


Wit2 ew bdie. Toots tag re nas bas devoiavap 98 rasd:.s 
— a 


) vishog sangempaaiens att fA ey) ar donehiaus & 


ve 
| a," 
ot 2h amrtroaul sronseuiet natvorrait an? gar 
+ 7 : : c ont 7 i . 7 
7 Pe ai a ; oa 
At ue | aT 


‘ia? ad oF “the ers rati? ons eet we zOqoI 


A review of the various types of models that have been used in 
the analysis of the supply of agricultural products indicates that there 
are four types of models that could be used when forecasting the supply 
of perennial crops. The four types of models include two types of stock 
adjustment models, an adaptive expectations model, and a liquidity model. | 
Stock adjustment models apply to situations in which producers cannot 
adjust the area under the crop to the desired area within a cropping 
period. The adaptive expectations model is based on the assumption that 
producers take into account past and present prices while making their 
forecasts of the future prices on which production decisions are based, 
i.e., production decisions are based on price expectations. The liquidity 
model assumes that producers are constrained by finance while making their 
production decisions, which implies that high levels of plantings or 
production are expected following years of high earnings by producers. 

The adjustment parameter finds its main application in adaptive expect- 
ations and stock adjustment models. 

Both the stock adjustment and adaptive expectations models are 
based on prespecified types of lag distribution schemes and are generally 
referred to as distributed lag models. These are the types of models 
whose application in the analysis of supply for agricultural products was 
popularized by Marc Nerlove .° The variant of the stock adjustment models 


'woJ. Bateman, "Supply Relationships for Perennial Crops in Less-Developed 


Areas," in C.R. Wharton, ed., Subsistence Agriculture and Economic Growth 
(Chicago: Aldine Publishing Company, 1969), pp. 243-253. 

M. Nerlove, The Dynamics of Supply: Estimation of Farmers' Response to 
Price (Baltimore: Johns Hopkins Press, 1958). This book was published 


after Marc Nerlove had published a number of articles on the supply of 
agricultural products in professional journals, for example, M. Nerlove, 


op. cit. (Journal of Farm Economics). 
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that is usually used in the forecasting of supply of agricultural products 
is the partial adjustment model. Estimating models that are based on the 
specifications associated with both partial adjustment and adaptive 
expectations models are used in this study. 

Partial adjustment models attribute lags in supply to ignorance, 
inertia and the cost of change. Adaptive expectations models attribute 
such lags to uncertainty and the discounting of current information on 
prices. Basically, the formation of expectations arises from periodic 
occurrence of changes in a deterministic variable. Hence the adaptive 
expectations model assumes that the expectations are updated each period 
by a fraction of the discrepancy between the current observed value of 
the variable and the previous expected value. The two types of model 
differ basically in the interpretation of the lag structure and the 
nature of the stochastic (disturbance) term. Otherwise there is no 
quantitative difference in the estimating equations of the adaptive 


| As Krishna shows, the 


expectations and partial adjustment models. 
specification of a pure expectations model for all explanatory variables 
results basically in the same structural estimating model as the one that 
results from a specification based on stock adjustment hypothesis.“ 
However, neither of the two models is completely satisfactory as a supply 
analytic tool. 


A major weakness of stock adjustment models is the assumption 


Ieee J. Johnson, Econometric Methods (New York: McGraw-Hill Book Company, 
17/2 )e 0. 29e. 


2Raj Krishna, "Farm Supply Response in India-Pakistan: A Case Study of 
Punjab Region," in K.A. Fox and D.G. Johnson, eds., A.E.A. Readings in 


the Economics of Agriculture, Vol. XIII (Homewood: Richard D. Irwin, 
Inc., 1969), pp. 78-88. 
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that the desired production level depends on current values of the 
independent variables. Similarly, adaptive expectations models suffer 
from the assumption that current production is adjusted immediately to the 
levels consistent with expectations, subject to a small discrepancy that 
can be relegated to a stochastic term. A more realistic specification of 
the model would incorporate both the stock adjustment and adaptive 
expectations hypotheses. However, for such a "combined" model, separation 
of the adjustment and expectations parameters from the estimated structural 
coefficients would be virtually impossible. | 
The use of a model with lagged explanatory variables, as suggested 
in the Nerlovian adjustment hypothesis, and modifications of the lag 
distribution scheme can overcome some of the inherent weaknesses of stock 
adjustment and adaptive expectations models. The proposal here is to use 


a basic stock adjustment model that incorporates some elements of adaptive 


expectations on prices through the use of weighted price indices. 


Supply Response Analysis: Model Specification 


The basic assumption in the specification and derivation of the 
models used in the analysis of cane and sugar production is the notion 
that all past prices influence current levels of production through their 
effects on past production decisions. This notion is an element of 
adaptive expectations hypothesis. Under the production conditions in 


Kenya, a cane crop takes about two years to mature and only two ratoon 


Ver instance, see J. Johnson, op. cit., pp. 303-307. 
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crops are considered economic to harvest after the plant crop harvest. | 
Hence the economic life of cane is about six years, and all past prices 
dating back to five years can be expected to have some impact on the 
current level of production. 

Following the Nerlovian adjustment hypothesis, the estimating 


model for the supply of agricultural products can be specified as: 
x es 
Vedas TP TAEET 


= ACY. a 


Y t 


Y +U (4-5) 


t 7 ‘t-1 pe recta 
(re Ate 
where A is the adjustment parameter, ed is the desired production level, 
Xe] is the lagged explanatory variable (usually the price of the product), 
U, is the stochastic variable, and ay» a, are the underlying structural 
coefficients of the model. The closer to unity A is, the greater the 
amount of adjustment made in the current period. Since mn is unobservable, 
an operational version of the stock adjustment model specified in equations 
given as (4-5) above is obtained through the application of a Koyck 


transformation to yield: 


¥, = Aa, + AayXy_y + CI-A)Y 4) + UL (4-6) 


Equation (4-6) is said to be operational because both the dependent and 


explanatory variables are now observable so that the model can be 


"after the first cane harvest, which is called the plant crop, the cane 


regrows and is cut two or more times before the fields are ploughed out 
and replanted. The second cane harvest is called the first ratoon crop. 
More ratoon crops are possible, thus extending the productive life of the 
crop, but yields decline geometrically with ratoon crops (see J.D. Acland, 


op. cit., pp. 192-201). 


2ror example, see P.N. Junankar, Investment: Theories and Evidence (London: 
The Macmillan Press Ltd., 1972), pp. 32-36. 
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estimated. 


For convenience, equation (4-6) can be expressed as: 


Ye = by + by Xue Ft Bote + U, (4-7) 
where by = Aa); b, = Aay; and by = (1-A). Equation (4-7) forms the basis 
of the supply response estimating models used in the analysis. To make 
equation (4-7) more realistic as an estimating model, more explanatory 
variables are introduced in the estimating models. Hence the general 
production and supply estimating models could have own price (P,); prices 
of competing produce (S,); state of technology (T), a dummy variable (DV) 
to account for major policy changes, if any, and a weather or climatic 
variable (W,) as the major explanatory variables for the observed 
production or supply levels. The production or supply estimating model 


can then be expressed as: 


Og = by + byQE_y + boPy_y + bySy_y + Bgl + BET + DEDV + Uy n®) 


which is a Nerlovian adjustment type of model, and where, keeping in line 


with the notations used in equations (4-5) through (4-7), bo = Aay3 


b, (1-A); b. = Aas; b3 = Aa; by a Aaq; be = Aas; and be = Aa» while 


Y 


MW 


t a and x. = any explanatory variable in the model other than OF] 


for which Vee ey: is the relevant identity. 


t-1 
The model given by equation (4-8) basically depends on the stock 
adjustment hypothesis. To incorporate some elements of adaptive expect- 
ations in the model, a rational lag distribution scheme can be introduced 
in the estimating model. As specified, equation (4-8) results from a 
Koyck transformation and is thus based on a geometrically distributed lag 


scheme. Considering the biological characteristics of cane, yield of 


cane may be expected to be related to current and past prices through a 
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rational rather than a geometric lag distribution scheme. | This implies 
that the weights assigned to current and past prices in order to 
incorporate their impact on current level of production should first rise 
and then fall gradually. A change in the price of cane this year would 
be expected to have a small effect this year, a bigger one the following 
two-to-three years, and then a geometrically declining effect in the 
subsequent years. Figure 4-3 illustrates the rational and geometric lag 
distribution schemes, where I, represents the weight or impact of 
relevant: price on the current level of production and is constrained 
such that: 
Zl =n 

Unlike the rational distributed lag scheme, the geometric distributed lag 
scheme assumes a continually declining influence of past prices on 
current production levels, so that immediate past is assumed to be more 
influential than the less recent past. The rational distributed lag 
scheme can be approximated and incorporated in a model by weighting the 
prices in order to reflect the impact of past prices on production 
decisions and current output levels. 

A weighted price index would modify the Nerlovian adjustment 
model of equation (4-8) by incorporating the impact of various past prices 


for a specified time period. For maize production, a one-year lag for 


‘See Figure 4-3 for the representations of rational and geometric 


distributed lag schemes. 


2ror example, see P.N. Junankar, Investment: Theories and Evidence (London: 
The Macmillan Press Ltd., 1972), pp. 32-36. 
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FIGURE 4-3 
Distributed Lag Schemes 
Weight (I,) 







Rational 





ae 


Geometric 


Time (t) 


prices is used. For cane production, a five-year lag for prices 

is considered a reasonable approximation for this study. Therefore, a 
six-year weighted price of cane or sugar and a two-year weighted price of 
maize are used in the specification of the weighted prices model which 


can be expressed as: 


ae S * * 
ETO plaka b=ty cz ctamlscatemartat the tee PG OY +l ra 
where P is the six-year weighted price of cane or sugar, S is the two- 


year weighted price of maize, and all the other variables and notations 
are as given in equation (4-8). 

Equation (4-8) gives what will be referred to as a lagged prices 
model (LPM) while equation (4-9) gives the weighted prices model (WPM). 
However, both models follow the Nerlovian adjustment hypothesis in that 
they have the coefficient of the lagged dependent explanatory variable 
Che, as an indicator of the adjustment made in the current period. 


Results based on the two models will be compared and the model giving the 
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best results in terms of statistical significance will be used in further 


analytical evaluations. 


Some Comments on Supply Analysis Related Studies and Analytic Models 


Forecasting of the supply of agricultural products is complicated 
by the fact that technology is relatively unstable and the level of output 
cannot be fully accounted for by the quantity of inputs. The supply 
functions for agricultural products have been found to be relatively price 
inelastic, especially in the short-run. This observation is succinctly 
documented by Johnson, who attributes the price inelasticity of supply for 
agricultural products primarily to the conditions of the supply of inputs 
for agricultural production.< 

A number of empirical studies on supply response analyses for 
agricultural products have been conducted, mainly for annual crops, and 
these have supported the hypothesis that the supply of agricultural 


products is relatively price inelastic.> These studies have also 


indicated that price is the major determinant of the supply of agricultural 


products. 
Elasticity of supply measures the degree of responsiveness of the 


quantity supplied to the changes in price. Owing to technical and 


] 


in K.A. Fox and D.G. Johnson, eds., A.E.A. Readings in the Economics of 
Agriculture, Vol. XIII (Homewood: Richard D. Irwin, Inc., 1969), pp. 272- 
Ase 
20.6. Johnson, "The Nature of Supply Functions for Agricultural Products," 


in K.A. Fox and D.G. Johnson, eds., Ibid., pp. 247-271. 


sor example, see Marc Nerlove, "Estimates of Elasticities of Selected 
Agricultural Commodities," Journal of Farm Economics, Vol. 38 (May 1956), 
pp. 496-509; and Raj Krishna, "Farm Supply Response in India-Pakistan: 

A Case Study of Punjab Region," in K.A. Fox and D.G. Johnson, eds., op. 
cit., pp. 78-88. 


T.W. Schultz, "Reflections on Agricultural Production, Output and Supply," 
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institutional factors, producers are usually not able to adjust their 
production immediately so that quantities supplied cannot be expected to 
respond immediately to changes in economic incentives. This lag in supply 
is measured by the adjustment parameter. Therefore, elasticity of supply 
and adjustment parameter are the important measures of supply that are 
employed in empirical studies of the supply of agricultural products. 
There has been a divergence between the estimates of elasticity 
of supply and coefficients of adjustment for the same crop, depending upon 
whether the study was done for agriculture in developed or developing 
countries. | The major divergence has occurred in situations where the 
elasticity of supply, which is expected to be significantly positive, has 
been found to be insignificant, or even negative in some cases. This 
perverse response has been explained by the argument that increased prices 
could lead to smaller quantities being sold or supplied in the market .° 
However, these differences could be attributed to methodological 
approaches and the type of data used in the studies. Reliable and 
accurate data are rarely available in the case of peasant agriculture. 
Sometimes, the data recorded may refer to production in a small region 
within a given country, yet the models used in the analysis are 
constructed to cover a whole country. Researchers have, at times, been 
forced to use data of questionable reliability. Results of previous 


studies suggest that the significance of the coefficients of a regression 


bid. ; and G.W. Mukasa-Mayanja, Econometric Analysis of the Supply of 


Cotton in Uganda: A Case Study of Six Cotton Zones, Unpublished M.Sc. 
Thesis, 1978, Department of Rural Economy, University of Alberta, Canada. 





2ror example, see H.M. Southworth and B.F. Johnson, eds., Agricultural 


Development and Economic Growth (Ithaea: Cornell University Press, 1970), 
pp. 390-405. 
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model is influenced by the dominance of a given crop, either as a food 
crop or as a cash crop. | If such considerations could be incorporated in 
the models, maybe there would be small divergencies, if any, between the 
coefficients associated with supply response for crops produced in 
developing and developed countries. 

Typical studies on supply responses have been conducted in terms 
of the responsiveness of crop acreage to price changes. One may argue 
that producers have more control over crop acreage than over actual 
output and justify the conventional emphasis on crop acreage responses in 
empirical studies.“ However, producers desire to increase their output 
levels when they increase crop acreage. Although the actual output may 
differ appreciably from the planned production, owing to the effects of 
factors beyond the producers' control, these effects should be systematic 
over time and the changes in actual output should directly indicate 
producers’ response to changes in economic incentives over time. When 
pricing is used as a policy instrument to stimulate production, the 
policy maker is usually interested in the actual output. Hence the 
responsiveness of the quantities produced to price changes is the aspect 
that is of economic importance. 

In this study, the analysis of sugar supply response is carried 
out in terms of output rather than acreage responsiveness to price move- 


‘See R. Krishna, "Farm Supply Response in India-Pakistan: A Case Study of 


the Punjab Region," in K.A. Fox and D.G. Johnson, eds., Readings in the 
Economics of Agriculture (Homewood, Illinois: Richard D. Irwin, Inc., 
1969), pp. 78-88. 


2ror instance, see M.J. Bateman, op. cit., and J.R. Behrman, "Price 
Elasticities of the Marketed Surplus of a Subsistence Crop," Journal of 
Farm Economics, Vol. 48, No. 1 (1966), p. 875. 
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ments for the following reasons: 

(i) Output is a product of crop acreage and the average yield, so 
that changes in crop yield or acreage are directly reflected in the 
output; 

(ii) Producers could respond to changes in economic incentives by 
adopting improved crop husbandry techniques, or new technologies in 
general, which could lead to higher yields and increased output: such a 
possibility cannot be captured through acreage response analysis only; 

(iii) Data availability and reliability: records of cane deliveries 
and quantities of sugar processed from year to year are obtainable from 
the mill operators (sugar processors). Similarly, records of all sugar 
imports are obtainable from the Government. All such records are 
considered accurate and reliable. On the other hand, data on cane acreage 
are scanty and are normally based on estimates. Hence the time series of 
domestic sugar production, consumption and imports are relatively 
accurate and reliable while those on cane yields and acreages, when 


available, are of doubtful reliability. 


Proposition for a Dynamic Model of Supply Response Analysis (DSAM) 


The commonly used models for the analysis of the supply of 
agricultural products are based on the Nerlovian adjustment hypothesis 
whereby a single parameter, the coefficient for the lagged dependent 
variable in the model, is used as a proxy for the rate at which production 
(or supply) adjusts to changes in economic incentives. In such models, 
lagging of explanatory variables is used as a technique for incorporating 
a dynamic structure. Such models are considered inadequate for the 


following reasons: (i) lagging of some explanatory variables alone is 


MS ene —— 
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unlikely to result in complete specification of the dynamic structure of 
the model; (ii) for a given commodity, the planned production level in 
the immediate future may be expected to be influenced not only by the 
general price level for the commodity and competing produce, but also by 
the anticipated changes in this general price level. 

Given the above reasons for dissatisfaction with the specification 
of the commonly used models in the analysis of the supply of agricultural 
products, the following hypotheses are made: (i) current level of produc- 
tion (Q?) depends on previous level of production (ae and is adjusted 
in accordance with the previous price levels for the given product (P,_1) 
and competing produce (S,_) relative to anticipated changes in these 
price levels (dP/dt and dS/dt); (ii) previous weather condition (W,_1) 
and the expected year-to-year changes in this weather condition (dW/dt) 
are also likely to influence the supply of the agricultural products, 
especially if the products are based on perennial crops (for annual crops, 
and products with a shorter gestation period, the prevailing weather 
condition (W,) may be taken as the relevant explanatory variable). 

Based on the above hypotheses, the dynamic structure of the usual 
Nerlovian adjustment types of model can be improved by introducing some 
indices based on the time derivatives of the explanatory variables in the 


estimating models as follows: 


PDEX SD 


>< 


ae S P > W . 
Qe = iby +b, Q) 4 #5 | i + b, | 1 + by | 1 te (4-10) 


where PDEX = (1 + dP/Pdt), SDEX = (1 + dS/Sdt) and WDEX = (1 + dW/Wdt) 
are the time-derivative-based deflators for the relevant explanatory 


variables. 





'The behavioural assumptions of this model are still under scrutiny and 
will probably need some rigorous tests and evaluation. 
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Generally, models specified in the manner of equation (4-10) will be 
referred to as Dynamic Supply Adjustment Models (DSAM) in this study. 

As equation (4-10) shows, the proposed model for dynamic supply 
analysis (i.e., DSAM) has a basic structure that involves the use of first 
lags and time derivatives of the relevant explanatory variables. The 
actual time derivatives are expected to influence the estimates of the 
usual structural coefficients that are determined in economic analysis. 
The actual specification of DSAM will depend on the assumed relationship 
between the dependent and the independent variables in the model, while 
the actual number of independent variables in the model will depend on 
theory or a priori information. For instance, a weather condition 
variable may be relevant for some products and not for others. The 
specification of DSAM as presented in equation (4-10) assumes a general 
linear relationship, with the variables as outlined under the hypotheses 
made above. The interpretations for the structural coefficients and the 
stochastic term are similar to those for the model specified in equation 
(4-9). 

In order to examine or assess the validity of DSAM as an analytic 
tool, statistical tests of significance will be done on the estimates of 
DSAM using the time series data on cane and sugar production in Kenya. 
The same results will be compared with those based on the application of 
the usual Nerlovian adjustment types of model. 

This paragraph presents some comments about the DSAM as specified 
in equation (4-10). First, based on economic theory, the expectations 
about the signs of the structural coefficients are as follows: 

(i) O55 <7] 
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(iii) b, < 0 


(iv) signs of bo and by are subject to empirical determination. 
Secondly, the DSAM has the lagged structure of the usual Nerlovian adjust- 
ment types of mode | plus a more integrative dynamic structure that is 
achieved through the incorporation of the time derivatives of the 
explanatory variables in the model. The use of time derivatives is 
considered superior to the use of a time trend factor as a means of 
incorporating a dynamic structure in the model. Hence DSAM may be 
expected to be more reliable as an estimating model since it consists of 
a more complex structure than that of the usual supply estimating models. 
If this expectation were the case, then DSAM might yield either higher 
R-squared values or structural coefficients that are significant at higher 
Significance levels than those associated with the coefficients based on 
the usual models. Examination of this statement is accomplished through 
statistical tests and comparisons of results associated with DSAM and 
alternative models. 

The incorporation of time derivatives for relevant variables in 
the model can be likened to the method which was first used by A.B. Larson 
in an effort to make the simple cobweb model more realistic when explaining 
long cycles in agricultural production.* Larson proposes what he calls a 
“harmonic motion" model in which supply response (X) is a rate of change 


in planned production through time, so that the relevant model is 


‘This concept of Nerlovian adjustment models has been discussed in an 
earlier section. 


ease Larson, "The Hog Cycle as Harmonic Motion," Journal of Farm Economics, 
Vol. 46 (May 1964), pp. 375-386; and A.B. Larson, "The Quiddity of the 
Cobweb Theorem," Food Research Institute Studies, Vol. 7, No. 2 (Stanford, 
1967), pp. 165-175. 
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expressed as: 


=~ = kp (4-11) 


where, at a specified time period, X is the planned production, P is the 
price of the product, and k is the structural coefficient for the model. 
However, the time derivative structure of DSAM differs from Larson's 
"harmonic" model in that rates of change occur in explanatory variables 
rather than in the dependent variable in the case of DSAM. 

The lag and time derivative structures in the proposed DSAM 
could be modified to allow for different maturation and adjustment periods 
associated with various agricultural products. This modification would 
facilitate wider application of the DSAM in empirical analyses. 

Finally, a note on the empirical estimation of the model is 
warranted. The relative rates of change in the general price levels of 
the given product and the competing products are estimated by taking the 
first differences for P. and Sy in the model. The use of first differences 
is a quick and mathematically relevant method for approximating the 
derivative terms in a model. This technique is used in the approximation 
of dW/dt too, thus enhancing simplicity in the use of DSAM in empirical 


studies. 


Demand Analysis: Theoretical Background and Demand Estimating Models 


Economic theory tells us that the demand for a given commodity by 
an individual depends on the individual's taste or preferences, the price 
of the commodity, the prices of all other commodities, and the individual's 
income. Thus the ratio of the price of the given commodity and the prices 
of all other commodities, which is called the relative price, is a major 


determinant of the demand for the commodity. For a given commodity, the 
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total demand function is derived as an aggregation for the individual 
demand functions. Hence, given the prices of all the commodities, the 
demand for a given commodity by an individual is determined simultaneously 
along with the demand for all other commodities within a given planning 
period, subject to the constraints imposed by the individual's income. 

A number of models that could be used in the specification and 
estimation of demand functions have been advanced. Such models are either 
derived from a utility-maximization framework or are specified directly 
from economic theory with certain restrictions imposed. Basically, all 
the models used in empirical estimates of demand functions either employ 
the econometric methods, the input-output analysis technique, or some 
other forms of mathematical estimating techniques such as the extrapolation 
of straight lines or the trends.! 

A recent publication by Hassan, et. al., (1977) notes that the 
three widely used demand estimating models based on utility-maximization 
comprise (i) the linear expenditure model, (ii) the indirect addilog model, 
and (iii) some other flexible function models. Notable applications of 
these models include the works of Houthakker (1960), Stone (1954), Parks 
(1969), Yoshihara (1969), and Christensen, et. al., (1977). These models 
are static in version.” C.E. McIntosh (1972) has used the linear 
expenditure model in the estimation of the demand for meat and dairy 
3 


products in Canada. 


Veor instance, see A.C. Chiang, Fundamental Methods of Mathematical 


Economics (New York: McGraw-Hill, Inc., 1967). 


Z.A. Hassan, S.R. Johnson, and R. Green, Static and Dynamic Demand 
Functions: An Application to the Canadian Data (Ottawa: Agriculture 
Canada, November 1977), 31 pp. 

30g. McIntosh, The Demand for Meat and Dairy Products in Canada with 


Projections for 1980, Unpublished Ph.D. Thesis, 1972, Department of 
Rural Economy, University of Alberta, Canada. 


2 


121 


> ai iP : ou 


re " PY. 


4 ei 


of reperhia Wa ae beeivab af no? Jon 




















BN sniec ee = 
ere wt 


ite 38 soafng sti nevig 8! sell a0nksonu¥ be my; “8m 
ae awry f i VC CED m9 nevtg” S ‘et bnuna ie ib 


crt sete wits (Te 90} ‘homme edd Ahern 
“" ae 
§ ie." i; Pier eens aris oF sotdue ,doF 


=. 
- 


#9 ak Dees 60 | woud to wedaa Ax 
t _ 


- 


eye< | wottonu) hiatal tO noht arn 
| a _ 
= ee 
tos ~yriitty o mort bavi 
= 7 


~ 


a 
wi et iaiyt rs 7s" ‘Adin wesd? Shyengsaeae 


Havlist Fe ~i*teg [gotytone Bi noc abn 
Q : : . : 
— rae 
ey ae hgh asia ojienm ofssanones 
’ 
. 32 Dil tambség-fenttemedtan ts amc? "aif 
= = ° oo 
a =~ ar cor 4 rT 
a « enna? Sioa To ; np he 132 
"2g : | *. ; Le: - ret f Sue “\ “ar 
:, (6, si Scea YE pOlleoircug gee 
ishow. ot ldantite batieeb 
| ww Poaegen VSEn hs Sons 
; af Adin TR os ree 
41 gy ci ae thy ik ee o A407 Vans 0 Shwiz 
7 =. _ ~ 
+2 .(GBPY) ad dioica ta etote aad i teh, leas 


Bh vg 4) 1) oO4 oe 8G 1) eyadttileoy {ea 


a 7 jas 
: ae yt (oie) fi ion aT a 


etx “od beauty! a0? to HI BM se & sof) at “Yabon <r 









. bose i 10 2honte? A Sacra Te tf ish iy See nt 
- en ; my ACL 1 Ot T ipta ih ai 


en ae ai rae a Le ae Bars {haais Me 
PiStiorg CARIDY maa napbaren. ats 
7 ™ “— co 7 wie 
is 7 a“ 

seed § 7 - B 


: a i s 







Ae 


bean sive ” 2 afd 












7) , 
nek Oe 


122 


The linear expenditure model is derived from a utility function 
that was first proposed by Klein and Rubin, | and is applicable where the 
data on (i) the proportions of total expenditure on given commodities, 
(ii) the prices of these commodities, (iii) the quantities purchased of 
each commodity, and (iv) the consumer's total expenditure on the given 
commodities are available. The indirect addilog model, which was derived 
by Houthakker in 1960 and is based on the notion of an indirect utility 
function, has prices and income as its arguments. This model specifies 
the maximum utility level for a given set of prices and a particular 
income.? The flexible function types of demand models were proposed by 
Christensen, et. al., 1975 as an approach that can be useful in the 
testing of assumptions, such as the additivity of preferences, which are 
implicit in the other types of models cited above.> The salient feature 
of all these static demand models is that the utility function is derived 
either directly or indirectly from a set of prices and/or a particular 
level of income or expenditure. 

The other forms of static demand models that are commonly used are 
based on direct specification. In a recent survey paper, Barten (1977) 
shows that these models can be grouped into (i) the Rotterdam demand 


system, and (ii) the Powell's system of additive preferences." The 


VaR? Klein and H. Rubin, "A Constant Utility Index of the Cost of Living," 


Review of Economic Studies, Vol. 15 (1947/48), pp. 84-87. 
Any Houthakker, "Additive Preferences," Econometrica, Vol. 28 (April 
1960), pp. 244-257. 

Tepe Christensen, D.N. Jorgenson, and L.J. Lau, "Transcendental 
Logarithmic Utility Functions," American Economic Review, Vol. 65 
(January 1975), pp. 37-54. 

4h op, Barten, "The Systems of Consumer Demand Functions Approach: A 
Review," Econometrica, Vol. 45 (January 1977), pp. 23-51. 
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Rotterdam demand system is based on the specification of the quantity 
demanded as a function of prices and a measure of real income, while the 
Powell's system of additive preferences is based on the specification 
of per capita expenditure as a function of prices, total expenditure, 
and a time-related variable to allow for shifts in consumer tastes. The 
two groups of models are more applicable in empirical estimates of 
demand functions than the models derived from a utility-maximization 
framework. 

The static demand models assume that the consumer adjusts 
instantaneously to a new equilibrium when income or prices change. 
Normally, the adjustment process would be expected to take some time, 
Owing to habit formation and some other influences. Hence, static 
demand models can often yield results indicating that consumers are not 
behaving in an optimal manner, when in reality the models are ignoring 
the many adjustments that are likely to occur in the short run. To 
account for these deficiencies, the incorporation of dynamic structures 
into the specification of demand systems has been used as one solution. 

The various approaches made to incorporate dynamic structures in 
empirical demand systems can be classified into three broad categories. | 
The first category includes several ad hoc procedures that represent 
different degrees of sophistication. The simplest of these models 
involves the addition of trend variables to the demand equations derived 
from the classical static theory. The objective is to reflect changes 
in tastes and other socio-economic factors through the trend term. 


Closely related to this approach is the introduction of a trend term 


VA. Hassan, eee al. C1977). op: citys p. 7. 








1 4 “ : : , 7 i + ae > . 
, J ' 7 a 
' 


2°. 
‘a 


‘4 > 
i d 7 an ‘ 
oe 
el Fa 


Ad » ta ott Penge GH fo beret er money WENSTION 
wre. 
dhiw . ot Len Taig bas fol 7o obi 






i 









eh yaead et aes 12% ay ay? Dba oT 


7 
ns aint 


pis hose? Bada hi rn sani? f, 2 eut oy rp f = tas. 
vy We O98 Mie Set woite cr shistrey Begs 


(igi at etlashlogs sven ate stab 38 9 
les 
a mee -havireb zi obon art rend enotroag?” Rem 












Ha emwenan) Si Fertd- owe: beet hnomeb ottate. § 
eis eoahrg 4 men fete oul ds use won §& OF elanoed 
ot. wats nine 1. 61 ae 2200010 Ynonteuths ont. ay ita 


sesh ph erwlig.ono2 bas nortan oT niet 





ls gees pe? sbtiyess. biety, not he. oso 2f gine 







a) 














‘athe aoe oye tReet BF. note ae Lala fantoao a6 at, 
2 ? 


oa oie 7 que) OH eat! Ke vans a 7 


i merry’ ao wi So Oe") Sor ens dat ania tha sat mn 





H 7 : 2 y ~ 
oe Spat TPR RAP watene SAS ic: notsahtt. ea is 


al aerud sors peyb steewerngit qv oben rofipeowags sot 


| _gerroyatas haood seedy eine bart Tzan' 4 a G52, een oh 
ie 


rik apt reothiyy 34g ba Menavee ‘epbu lant, sexooot 8 3 
a e2aits, Vy i ratgiat soit .noitenhehdaae, ea 5. si 
+ sagt deups ie, 9nd re opt del vey’ “past Fo be i 
peltes of oi subd tai ae oat pia: soteae : 
ae baeenane rigwoniie: avis sonido ota te be 


pied ores § coe Cc ha 7, tt me ah: 
x “yl ees -, 
ii ek, 


ay 


= 


a 











- a oe 
a mE, 






124 


into the parameters of models based on classical theory (Stone [1964]). 
However, the theoretical justification for the additive trend terms is 
limited. The most sophisticated model in the first category is the 
state adjustment model which was first proposed and used by Houthakker 
and Taylor in 1970. This model assumes that quantities purchased 
depend on existing stocks--either physical stocks of goods or 
psychological stocks of habits. This specification explicitly introduces 
the influence of the past consumption behaviour on current consumption 
patterns. 

The second category of models which attempt to capture the 
observed persistence in consumption patterns in the structure of demand 
functions involves the use of dynamic utility functions. The utility 
function is made dynamic by directly incorporating the changes in 
tastes. This approach is exemplified by the quadratic model of 
Houthakker and Taylor (1970)¢ and the dynamic linear expenditure system 


3 


of Phlips (1974).~ All these models are based on the assumption that 


current expenditure allocation is influenced by past consumption; the 
effects of current expenditure allocation on future preferences are 
ignored. 

The third, and final, category of dynamic demand estimation 
models comprises models which integrate both past and future consider- 
ations into one systematic treatment of the consumer choice problem. 


lnis. Houthakker and L.D. Taylor, Consumer Demand in the United States 


(Cambridge, Mass.: Harvard University Press, 1970). 


etbid. 


3. Phlips, Applied Consumption Analysis (Amsterdam: North-Holland 


Publishing Company, 1974). 
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The models are based on the assumption that the consumer is attempting 
to maximize a discounted utility function subject to income and stock 
constraints. Examples include the models developed by Phlips (1974) 


and Lluch (1974). 


The models in the third category involve the 
application of the optimal control theory, so that consumption is 
modelled as a sequential decision problem. 

The first category of dynamic demand models will be used in this 
study, the choice being based on empirical grounds. Two general types 
of models will be applied in the estimation of the demand function for 
sugar in Kenya: (i) the classical demand model, derived directly from 
economic theory, with a time-related variable introduced to account for 
changes in tastes and other socio-economic factors, and (ii) the state 


adjustment model. The two types of models and their variants are 


discussed below. 


The Classical Demand Analysis: Dynamic Model 


Two variants of the classical demand model can be specified as 
follows: 


; ans 
(i) Qe ae at ayP, + any, + aT + U, (4-12) 
(fa) 06 = a Fa yaz07%s elt (4-13) 


where: Qe = quantity of commodity consumed; 


P. = price of commodity; 
Y, = disposable income; 
T = time trend variable; 
‘bid. 
2 


C. Lluch, "Expenditure, Savings and Habit Formation," International 
Economic Review, Vol. 15 (October 1974), pp. 786-797. 
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U, = stochastic variable; 
and ay2 Ay> aos and a, are the underlying structural parameters of the 
models to be estimated. The stochastic variable U, is introduced to 
account for all other minor variables that influence the demand. 


The models given by equations (4-12) and (4-13) may define either 


individual or aggregate demand functions depending on the assumptions 


made about the quantity variable Qe and the income variable Ye Further, 


the models can be modified through alternative specifications, based on 
the assumptions about the way the various variables enter the model. 

For instance, the time trend factor may be assumed to enter the model 
multiplicatively, as in equation (4-13), or additively even in an other- 
wise logarithmic demand model. Hence results based on different model 
specifications will be assessed before choosing the final type of model 


specification to be used for further analytical work. 


The State Adjustment Model (SAM) 


The state adjustment model was first derived and applied in 


] 


demand analysis by Houthakker and Taylor in 1970. The original model 


specification can be given as: 


Gy = 85 + 4154 + agyet agP, (4-14) 


th 


where, at a specified time period and for the i° commodity: 


q; = the quantity demanded; 

y = per capita income; 

P. = relative price; 

S. = the stock of the commodity. 


Tes. Houthakker and L.D. Taylor, op. cit. 
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The stock of the commodity may be viewed either as a physical stock in 
the case of durable goods or as a psychological stock of habits in the 
case Of habit-forming goods. For equation (4-14), A> ay» aos and ay 

are the underlying structural parameters of the model, with ay. > 0 for 
habit-forming goods and a, < 0 for durable goods. Further, the following 


assumption is made: 


dS 


= mere 
gag 11-3)? 3 


(4-15) 
where b is a constant depreciation rate for the stock of commodity, 
which is normally taken to be positive. 

Equations (4-14) and (4-15) constitute the basic state adjustment 
model. Equation (4-14) indicates that the quantity demanded is 
determined by the quantity in stock, price and income while equation 
(4-15) relates the rate of change in stock to the rate of purchase and 
the depreciation rate. 

The basic model is modified in several ways in empirical analysis: 


the unobservable variable S; is eliminated by solving equation (4-14) for 


S; and using equation (4-15) to yield: 


dS. 


bee b oe pe 5 . 
nese c havea 70 82! aP3) pa 
By differentiating equation (4-14) with respect to time, and using 
equation (4-15), 495 can be solved for from the relationship: 
dt 

dq. dy . (3 at 

pemeetae bet (ae-D Qvet den etd, pV + a>. i + a,bP, (4-17) 

if f°) ] i ot aM cade | 3 at ee 


Equation (4-17) includes variables that are observable in principle and 


is the empirical version of the state adjustment model. However, for 
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applicability, equation (4-17) has to be expressed in a discrete time 
version: this can be accomplished by using first differences and letting 
Sy - (S, - S4_1)/2. From these approximations, and rearranging the 


terms, the following expression is obtained: 





a,7b 1+¥5(a -b) a, (1¥sb) 
Vt = T-5(a,-b) ~ T5(a,-b) * 4t-1 TBE ay-b) ° t 
(4-18) 
a,-b a, (1 +b) ab 
* Ta(aj-by * Yt-1* Tafap-by “Pt * Tetaycby * Peet 
Equation (4-18) can be re-written as: 
ms : } — 
Smeg yity  MoAVe Baye ly Tn gAP, + 5 t-1| oa) 
so that: 
seeded ge ee 
G Pee HORNE HSS (4-20-1) 
A,(A)+1) 
2(A,-1) Ay 
pimieehst bes rinks bros, 
2(A.-sA.) 
ey tik 
ST (4-20-3) 
Re ae (4-20-4) 
3 A,tl 
A A 
and 1, et Se eee (4-20-5) 





AoA, AyuAs 
The above analytical technique results in two expressions for b, and 
these are not necessarily the same (see equation [4-20-5]). Hence an 
average value for b can be calculated from the two estimates. To ensure 


that an unambiguous estimator for b is obtained, equation (4-19) would 
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have to be estimated subject to the constraint that ADAc = A3Aq5 which 
requires special programming. 

Parameters ay and as give the derivatives of consumption with 
respect to income and price respectively for the short-run SAM. The 


long-run SAM is obtained by assuming that, in the limit, equation (4-15) 


takes the form: 


dS 
ap 4, ~ 0S, = 0 (4-21) 


Equation (4-21) implies that the stock adjustment has reached an 
equilibrium state. 
Substitution of equation (4-21) into equation (4-14) yields the 
expression: 
Tee dat nibs q; + acy + aP, (4-22) 
which, upon re-arranging, gives: 


q: = Bae Ppene2 


j 
b-a, b-a 


*b a 
Vee 


~f 











3°b 
Sr P. (4-23) 


ao 


] 


Equation (4-23) can be re-written as: 


caeaG. ~ Cry + Co P. (4-24) 


where Che b-a, 








nome a*b 
] b-a, 
ae az*b 
2 b-a, 


Hence the derivatives of consumption with respect to income and price for 


the long-run SAM are Cy and Co respectively, which, from equation (4-23), 
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requires that b # ay. Income and price elasticities are obtained by 
multiplying the derivatives of consumption with respect to income and 
price with the quotients of average (i) consumption and income and (ii) 
consumption and price respectively. Thus the short-run and long-run 
income and price elasticities can be generated from the state adjustment 
model. Equations (4-19) and (4-24) are the versions of the state 
adjustment model (SAM) used in empirical analysis. Both models will be 


used in the estimation of demand functions for sugar in Kenya. 


Concluding Remarks on Models for Demand Analysis 


As outlined above, various approaches have been made in the 
formulation and empirical estimation of models for the analysis of 
demand. Recognition of the possibility of lags in purchasing or adjust- 
ment in consumption patterns following price and/or income changes, 
primarily due to existence of stocks or habit formation, can be regarded 
as a major break from the classical thought in which adjustment is 
perceived as instantaneous. Hence the state adjustment model is regarded 
as an appropriate tool in the analysis of demand for sugar. 

Equations (4-12) and (4-13) give the commonly used models in 
empirical demand analysis. A major weakness in some studies is to ignore 
specific incorporation of the number of consuming units as an influencing 
variable in the demand system, except when the models used are specified 
on a per capita basis. When models similar to equations (4-12) and 
(4-13) are used, population figures could be included as separate 
influencing variables in the model in order to bring out the effect of 


the number of consuming units on the level of demand. 
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Estimation Techniques and the 
Common Econometric Problems 


The basic estimation procedures involve the use of statistical and 
econometric methods. The general linear model forms the basis of the 
estimating models used in the study. The basic estimation technique 
used in the study comprises the method of least squares. | The actual 
estimation technique that is used depends on what is known about the 
model to be estimated. For instance, some econometric problems that 
could render the estimates of a model unreliable may be present and 
remedial procedures must be taken before reliable estimates of the 
model can be ‘obtained.* 

The common econometric problems that could render the estimates 
of a model unreliable, unless appropriate remedial measures are taken, 
include serial correlation (autocorrelation), heteroscedasticity and 
multicollinearity. These problems are rooted in the nature of the data 
used and not in the estimation technique. For instance, autocorrelation 
is a problem that occurs primarily in time series rather than cross- 
section data, while heteroscedasticity is more likely to occur in 
cross-section rather than time sertes data. Multicollinearity may occur 


‘Details of the basic estimation procedures and discussions of the 


assumptions of the general linear model, including the least square 
estimation techniques, can be found in such textbooks as: (i) M. Dutta, 
Econometric Methods (Cinicnnati, Ohio: South Western Publishing Co., 
1975), 382 pp.; (ii7) H. Theil, Principles of Econometrics (New York: 

John Wiley & Sons, Inc., 1971), 736 pp.; and (iii) J. Johnson, Econometric 
Methods (New York: McGraw-Hill Book Co., 1972), to mention a few. 


However, a statement of the basic properties of the least squares 
estimation technique is given in the Appendix. 


especific discussions of such remedial measures that are taken in order 
to facilitate model estimation can be found in the section on analysis 
in Chapter V of the thesis; some details are relegated to the Appendix 
to the thesis. 
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in both cross-section and time series data, although the incidence 
might be higher in the latter type of data. Except for autocorrelation 
that is associated with time series data, the other econometric problems 
cannot be assigned specifically to either cross-section or time series 
data. 

The presence of a lagged dependent variable as an explanatory 
variable in a model poses estimation problems, yet the insertion of such 


| The 


lagged variables in the models is justified on economic grounds. 
types of models that are frequently used in the analysis of the supply 
of agricultural products, namely the partial adjustment and the adaptive 
expectations models, contain a lagged dependent variable in the set of 


their explanatory variables. Estimation of such models requires certain 


remedial procedures in order to improve the reliability of the estimates. 


Such remedial measures depend on what is either assumed or known about 
the scheme of distribution for the stochastic variables in such models. 
Possible schemes of distribution of the stochastic variables for 
models having lagged dependent variables as explanatory variables 
include the following:¢ 
A: the stochastic variables may be independently and normally 
distributed with zero means and constant variances; 
B: the stochastic variables may be of the moving-average type; 
C: the stochastic variables may be simply autocorrelated. 


Under scheme A, there is no serial correlation and the only problem in 


Vy. Johnson, Econometric Methods (New York: McGraw-Hill Book Company, 
1972), pp. 292-321. 


2tbid., p. 304. 
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the model would be the presence of a lagged dependent variable in the 
set of the explanatory variables for the model. This description fits 
the structure of a partial adjustment model. Scheme B fits the 
description of an adaptive expectations model; scheme C allows the 
stochastic variable to follow the simplest possible non-random scheme 
without tying the model to prespecified lag distribution schemes. Under 
scheme C, serial correlation is defined by the first-order Markov scheme. 

Under scheme A, there is no serial correlation, but the stochastic 
variable is no longer uncorrelated with all the explanatory variables 
so that OLS estimates would be biased for finite samples, the direction 
being negative, i.e., the OLS estimates are likely to underestimate the 
true values of the parameters. | However, the estimates would be 
asymptotically unbiased, which implies that the reliability of the 
estimates can be improved by increasing the size of the sample. The 
other schemes define models having disturbance terms that are serially 
correlated, and the estimation of such models poses some extra problems 
Since both the lagged dependent variable that is an explanatory variable 
in the model and the serially correlated disturbance term must be 
considered. 

The presence of serially correlated stochastic variables in the 
absence of explanatory lagged dependent variables in the model does not 
make OLS estimates biased even in finite samples, but the presence of 
the explanatory lagged dependent variable, even in the absence of 


serially correlated stochastic variables, makes OLS estimates biased 


Ny St White, "Asymptotic Expansions for the Mean and Variance of the 
Serial Correlation Coefficient," Biometrika, Vol. 48 (1961), pp. 85-94. 
Note that OLS stands for Ordinary Least Squares as an estimation 
technique (see Appendix A-5). 
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for finite samples. The combination of the two problems, i.e., lagged 
dependent variables in the explanatory set and serially correlated 
stochastic variables, gives OLS estimates that are both biased and 
inefficient. | As mentioned in an earlier paragraph, the presence of 
explanatory lagged dependent variables alone produces a negative bias for 
the estimates in the case of finite samples. However, the combination 

of the problem of explanatory lagged dependent variables and serially 
correlated stochastic variables in the model produces a positive bias 
that persists at all levels of sample size. 

Estimation methods other than OLS should be used if there is 
evidence that the stochastic variable in a model having explanatory 
lagged dependent variables is serially correlated. This observation 
gives the essence for taking appropriate remedial procedures for serial 
correlation before obtaining the least square estimate of such a model. 
The usual estimation procedure under such conditions is referred to as 
GLS (generalized least squares) estimation technique. Given the nature 
of the models that are used when forecasting the supply of agricultural 
products, which are normally specified following the Nerlovian adjustment 
hypothesis, special attention is paid to (i) tests for the presence of 
econometric problems in the estimating models, and (ii) application of 
appropriate remedial measures before obtaining the least square 
estimates for the models used in this study. The validity and reliability 
of such estimates are then assessed through statistical tests of 


Significance. 


ae Johnson, op. cit., p. 308. 
2 Ibid. 
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Tests of statistical significance for the estimated structural 
coefficients of the models are executed by comparing the calculated 
and the standard t-statistic values. The overall statistical significance 
of the estimated model (the regression line) is assessed by comparing 
the calculated and the standard F-statistic values. The F-statistic 
test directly determines the significance of the calculated coefficient 
of determination (the R-squared value) for the estimated model: this test 
gives what is commonly called the goodness of fit for the estimated 
model. The tests or scanning techniques that are executed in order to 
detect the presence of econometric problems include (i) the Durbin- 
Watson d-statistic and h-statistic tests for autocorrelation (serial 
correlation); (ii) the Goldfeld and Quandt test and Spearman's rank 
correlation coefficient test for heteroscedasticity; and (iii) Farrar- 
Glauber tests for multicollinearity. The results of the various 
statistical tests are presented in the relevant sections of the thesis. 

Statistical tests of significance are usually conducted at the 
0.01 and 0.05 significance levels. However, due to the use of time series 
data, and small sample sizes in some cases, results that are found to be 
significant at 0.1 significance level are also considered to be reliable. 
The presence or absence of such econometric problems as autocorrelation, 
heteroscedasticity and/or multicollinearity has important implications 
on the reliability of the estimated coefficients. If the presence of any 
of these econometric problems is confirmed, then appropriate remedial 
measures for such a problem are taken before obtaining any estimates of 
the structural parameters of the model that can be considered reliable. 

A price-formation hypothesis will be examined during the course 


of model estimations. The purpose will be to examine if the regulation 
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of the sugar market by the Government has had an impact on the normal 
rate of market adjustment in terms of prices. From theoretical consider- 
ations, one may expect that there are some differences between the 
estimates of the structural coefficients of models that are defined 
within a recursive equations framework and those for the models defined 
within a simultaneous equations framework. | Simultaneous equations models 
may be regarded as giving conditions when the economic agents (both 
producers and consumers) are behaving optimally. In order to examine 

the validity of the preceding statements, estimates of the supply and 
demand functions for sugar in Kenya will be carried out under the 
assumptions of (i) recursively determined equations models, and (ji) 
simultaneously determined equations models. The results will then be 
compared and contrasted. 

Instrumental variable technique (IVT) can be used when estimating 
equations from a simultaneous equations model. The IVT estimation 
procedure involves the determination of which explanatory variables in 
the estimating model are exogenous. Variables that are determined within 
the model are said to be endogenous; those that are determined outside 
the model are said to be predetermined or exogenous. The dependent 
variable in a model is usually regarded as endogenous, but the independent 
variables set can consist of either exogenous or endogenous variables, 

Or a mixture of the two. Once the endogenous explanatory variables 


in the model to be estimated using the IVT procedure have been determined, 


Ih discussion and treatment of recursive demand and supply systems and 
Simultaneous equations models of supply and demand can be found in 
applied econometric textbooks such as K.F. Wallis, Topics in Applied 
Econometrics (London: Gray-Mills Publishing Ltd., 1973); and D. Orr, 
Applied Econometrics. Toronto: Institute for Policy Analysis, 
University of Toronto, 1977. 
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these variables are then expressed in terms of their principal components. 
The components that are exogenous are used to replace the appropriate 
explanatory variables in the model. Such components must satisfy at 
least two conditions if they are to be used in the model as instrumental 
variables: | 

(i) The instrumental variable must be truly exogenous and 
independent of the stochastic term: if Z is the matrix of the instrumental 
variables and U is the vector of the stochastic terms, this condition 
requires that E(UZ) = 0; 

(ii) The instrumental variable must vary substantially enough to 
have an impact on both the original explanatory variables set (X) and the 
dependent variable (Y) so that, using the notations of (i) above, 

E(YZ) # O and E(XzZ) # 0. 

Identification problem is a phenomenon that is likely to be 
encountered when estimating models using the instrumental variable 
technique. In this context, the term identification is used to refer to 
whether one can or cannot estimate a given equation from the complete 
model depending on the given information. In order to avoid identifi- 
cation problem in the estimation of models, particularly for simultaneous 
equations models, one must ensure that the number of exogenous variables 
not included in the equation to be estimated is at least equal to or 
greater than the number of endogenous variables in the equation less 
unity. That is, if G is the number of endogenous variables in the 
equation to be estimated, K is the number of exogenous variables in the 
complete simultaneous equations model, and kK" is the number of exogenous 


‘See M. Dutta, Ibid., pp. 241-255. 
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variables included in the equation to be estimated, then identification 
in this context requires that: 
(Kodeka): Shavean) 
Normally, the order condition for an equation is calculated in 
order to determine if the equation is identified. Defining Kk = (K-K’) 
the order condition (R’) is given by: 


* * 


& 
R t= KigeocGiral 


* 


Ets R = 0, the equation is just identified; 

R < 0, the equation is underidenti fied; 

R > 0, the equation is overidenti fied. 
Underidentified equations cannot be determined or estimated empirically 
from the given information using the IVT procedure, i.e., only the 
equations for which R'>0 are estimable using the IVT procedures. The 
two-stage least squares (TSLS) estimation technique, which is a special 
case of the instrumental variable estimation technique, is the method 


that is used in the estimation of the simultaneous equations model of 


supply and demand for sugar in this study. 


Projections and Forecasts 


A projection may be defined as an estimate of the consequence of 
the operation of specified influence under certain specified assumptions. 
Hence a projection presents a "would be if ....... "results. On the 
other hand, a forecast may be defined as a statement of a consequence 
which is expected to occur. Hence a forecast presents a "will be ....... 
results. | An understanding of the two concepts is important for a clear 
] 


FAO, Agricultural Commodity Projections, 1970-1980, Vol. 1 (FAO, Rome, 
PO7L De: 4 
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understanding of predictive studies. 

Projections and/or forecasts are useful in agricultural or 
economic development planning. Distinguishing between a projection and 
a forecast is possible only if the initial assumptions about the 
prediction are examined. Since most statements about a future outcome 
are made under a specified set of assumptions, projections are more 
commonly used in predictive studies. 

A number of projection and forecasting techniques can be used. 
These include mathematical extrapolation of trends or estimated regression 
lines, the use of the basic discounting or compounding methods, and the 
Substitution of relevant estimated parameters in predicting models. The 
basic discounting or compounding method and a predictions model through 
which the estimated structural parameters of the supply and demand 
functions can be applied in the projections of production and consumption 
of sugar in Kenya during the next two decades will be developed and 
applied in the next chapter [see equations (5-18) through (5-23) in 
Chapter V]. 


Summary 


This chapter has presented a review of some basic concepts in 
economic theory that are useful in the understanding of supply and 
demand analysis, the presentation being biased toward a discussion of 
supply and demand functions. The various factors that influence the 
levels of supply and demand have been discussed, and the reasons for the 
conventional use of empirically determined supply functions, rather than 
production functions, as policy guides for production have been given. 


The chapter has also presented a review of the analytic models that will 
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be used in the analysis of the sugar market in Kenya in accordance with 
the main objectives set for the study. 

In the review of the analytical models, special emphasis was 
placed on the estimation methods and the common econometric problems 
that pose estimation problems. The theory behind the various analytic 
models was discussed briefly and some weaknesses of the various models 
were discussed before making propositions for model modifications in 
order to improve their reliability or validity as analytic tools. Such 
considerations and propositions led to the formulation of dynamic 
analytic models that are tested in the next chapter. Finally, a 
discussion of prediction methods and models for the projections of 
quantities supplied and/or demanded was presented. Such methods will 
be used in the projections of production and consumption of sugar in 


Kenya. 
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CHAPTER V 


DATA AND DATA ANALYSIS, EVALUATIONS AND 
APPLICATIONS OF THE ANALYTIC RESULTS 


Data and Data Analysis 


Introduction 

Time series data constitute the bulk of the data used in the 
Study. However, some of the information used in the description of 
Kenya's sugar industry was gathered through personal interviews with 
Government personnel and other officers who handle matters related to 
the sugar industry. Such data were collected by the author of this 
thesis during the period between September 1976 and June 1977. Hence 
some changes may have occurred in the organization of the industry since 
then. 

The specific data relevant to the sugar industry in Kenya that 
are needed for the study include time series of (i) quantities of cane 
produced and delivered to sugar mills for processing; (ii) producer cane 
prices; (iii) a price index for the commodity whose production is 
competitive to cane and sugar production; (iv) an index of average 
weather or climatic conditions for the major cane producing zones; 

(v) quantities of sugar processed by the sugar mills; (vi) quantities 

of sugar imported into the country; (vii) quantities of sugar consumed 
in the country; and (viii) domestic wholesale and retail prices of sugar. 
Other data requirements comprise the time series of national and per 
capita disposable income in Kenya, the consumer price index for Kenya, 
the world market price of sugar, and results from relevant previous 
studies that could be used in the assessment and evaluation of this 


study. The various data are presented in Tables 5-1 through 5-5. 
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The Criteria for the Admissibility and the Choice of Data 


The history of recorded development of agriculture in Kenya may 
be said to date back to 1920 when Kenya was colonized by the British. 
However, such developments were confined to the arable Kenyan highlands 
which were occupied by the British settlers. There was no government 
plan for a country-wide development of agriculture prior to the Swynnerton 
Plan of 1954 which called for the intensification of agriculture by the 
African populace. | For this reason, 1954 can be taken as a general 
starting point in the study of agricultural development in Kenya. This 
Study is thus based on the analysis of time series data for periods 
between 1954 and 1977. 

Another important date in the history of the changes in the 
policy for the development of agriculture in Kenya is 1963, the year when 
the country became a sovereign state. The new government took office at 
the end of 1963, and new development plans were formulated. A self- 
sufficiency food production policy was a chief feature among the new 
development policies. Hence 1964 can be taken as a starting point for 
a structural change, particularly in the variables defining economic 
relations. Existence (or absence) of such structural changes can be 
tested for, for instance through the Chow test. 

At least four major sugar markets in the world can be identified. 


These include (i) the United States sugar market, which had been governed 


Veor instance, see J. Heyer, et. al., ed. Agricultural Development in 


An Economic Assessment (Nairobi: Oxford University Press, 1976), 
125-147. 


osce for example, Government of Kenya, Development Plan, 1966/1970 


(Nairobi: Government Printer, 1966). 
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by the United States Sugar Act up to 1975; (ii) the European Community 

Sugar market; (iii) the Communist Bloc sugar market; and (iv) the 

residual sugar market, which is often referred to as the free world sugar 

market and has hitherto been governed by a number of successive 

International Sugar Agreements (ISA). In the past, Commonwealth countries 

traded under general conditions that had been specified in successive 

Commonwealth Sugar Agreements (csA).! However, CSA became defunct upon 

the accession of the United Kingdom (UK) to the European Economic 

Community in 1974. Despite the existence of the so-called preference 

Sugar markets outlined under (i), (ii) and (iii) above, any country in 

the world can participate in ISA negotiations. If such a country then 

decides to be a signatory to the Agreement (ISA), it can sell or buy 

Sugar in or from the residual market which is described under (iv) above. 

For this reason, the International Sugar Organization (ISO) composite 

price is used in the evaluation of the influence of the world market sugar 

price on the domestic price in Kenya. This composite sugar price has 

been shown to follow the same general trend as the United States and the 

Commonwealth sugar prices in the past, thus indicating that there is 

some degree of market integration among the various markets for sugar 

in the world.© 
In addition to the above data which are to be sought, any other 


relevant data or information will be used where appropriate. For instance, 


Ver more information on the various world markets for sugar, see 
Chapter II of the thesis. 


26. Gemmill, "The World Sugar Economy: An Econometric Analysis of 


Production and Policies," Agricultural Economics Report No.313 (Dept. of 
Agric. Economics, Michigan State University, 1976), pp. 8-11. 
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a dummy variable can be used in the estimating models if there is a 
theoretical justification for such an incorporation and if this is 
likely to improve the predictive power of such models. The required 


time series data for the period between 1954 and 1977 were obtained from 


the Kenya Government and the United Nations (UN) publications or records. 


Hence such data are regarded as accurate or reliable records of the 


required information. 


Data Treatments 

Production of cane and sugar in Kenya has shown a general upward 
trend over the last two decades, as can be deduced from Tables 5-1 and 
5-2. However, there have been some periods of shortfalls in production, 
for instance during the 1966/67 and 1972/73 crop years. Such periods of 
shortfalls have generally been attributed to natural hazards, such as 
prolonged periods of drought, and little or no consideration has been 
given to possible influence of the general economic condition on the 
level of production. | 

Several measures or proxies for the average weather or climatic 
conditions could be conceptualized, depending on the geographic regions 
considered. Under the Kenyan condition, or for tropical conditions in 
general, the average amount of rainfall and its distribution throughout 
the year are the major determinants of crop production as far as the 
weather conditions are concerned. Generally, the incorporation of an 
average weather index in a supply response estimating model might enable 
the analyst to isolate the effect of economic conditions on the observed 


changes in production. 


Voovernment of Kenya, Economic Survey (Nairobi: Government Printer, 
Various Issues up to 1976). 


144 


























s at svetd )! eeagm pirasmisey a62 in dozu od ff 

+ ba vot fenagetont "6 dou2s07 notes f= 

cor st  efebnie te wewog svt yobbany aie 

ront usitetde coon WP QR pated 2ofey ade rath ats 2 
10 2iotoaotl iy met) epizalt baltnl! ons Das ; 
c inoey Sten a@uaietunes zt beerepet ms at 

: not squsotnb b 


b i, - 7 
r 4th 


wile Bea He ‘nis oF segue 505.9060 TO na doubon§, 
nnn [nd aefdel mov? Beadiel Gt obs es ,zebacad vd teal any wie 
—- 


nn}: f >| fettevads Ya Bitte) amas FHT af anott Baie 


eBoy et ON Val i Te\ee! ait gatas ‘oonede 
— 


i 
a 


sud  abvsred fatnda 4540 ed ut Tarranag ovat a 
a i ( Dy 2AN3 ©: “yh « r+» : ths <afeiguent Fo abohieg. B Ve 
' Ea a 4 rams 3 nile Oe fats ef te eo otatsioa 


? co ' natsouberg 4 

') \o sodtéaw. Geb TEus SA? Nar cerkoy 1d egrietom ae > 

, step sty 80 BA ncows! Wet i Peuhgoomes ad Tuga i 

wiky | bare ais To fl eho wan hon ont seb f att 
wiconiwt) my htnetaoey gat been La teiens eee cy Ip 
mi) 26 RT Ob 40 Jap aciee) e077 “by Rsccsier : 


7 DP) tiedi ae 


yg rhs vO; +), re ed ET uve : pees Ve 


A 


sidiok Mphet Tete paige: @ameges' al Nit x2 ; 
Bt a We a : 
bo T132C0 sii? (v7 ant tins a 1 qaeth9. = 4 

_ sane Rite 
Lo ee a Fai 


4 
ea 
- 


= ** A 






7 1 


. ae 
eee as a 


> 


TABLE 5-1 


Cane Production and Producer Cane 
Prices in Kenya, 1961-1976 


Quantities of Cane Producer Cane *Area of Land Under 

Year Delivered to Mills Prices Cane Crop (LSF) 
[Thousand Metric Tons] [Kshs. per Metric Ton] [Thousand Hectares] 

1976 205345 105 29393 

1975 1735.4 89 ay P| 

1974 wig. 62 26.9 

1973 1545.1 a 28.1 

1972 1062.3 50 26.4 

1971 1378.0 45 ASA | 

1970 1451.2 45 2625 

1969 1300.7 45 2129 

1968 947.2 45 Zit 

1967 706.4 42 13.3 

1966 514.6 42 18.4 

1965 eat 42 1G.5 

1964 600.9 42 18.1 

1963 Dileeo 37 Was) 

1962 498.4 af Leet 

1961 496.2 af 14.6 


*LSF = Large Scale Farms. Data for Small Scale Farms (SSF) are not 
available. 


SOURCE: Government of Kenya: (i) Statistical Abstract; and (ii) Economic 


Survey (Nairobi: Government Printer, Various Annual Issues up to 
1976). 
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The average weather index employed in the study is based on the 
mean annual rainfall received in the three major cane-producing zones of 
Kenya. The country has a typical bimodal rainfall distribution, most of 
the rain being received during the March-May and September-November 
periods. Table 5-2 presents time series of the average weather index 
and the quantities of sugar produced in Kenya during the last two 
decades, ending in 1976. As would be expected, the weather index does 
not exhibit any general trend and is random in nature. 

The general economic environment has a direct influence on the 
levels of both production and consumption. The supply of a given 
commodity is not only influenced by the price of that commodity, but also 
by the prices of the other commodities, particularly for those whose 
production exhibits a competitive relationship. The index of the cost 
of living, which is commonly presented as a consumer price index (CPI), 
can be used as a general indicator of the economic condition in a 
country. Hence this index is normally used to deflate the prices of 
individual commodities! and the disposable income when conducting economic 
analysis. The main enterprises that compete with cane and sugar 
production are discussed in Chapter III whereby maize production is shown 
to be the enterprise that can be considered to pose effective competition 
to cane and sugar production. Hence an index of maize prices is used as 
a proxy for the prices of other commodities in the supply estimating 
models. The various prices and price indices are presented in Table 5-3. 


‘The price of each commodity must be assumed not to contribute signifi- 


cantly to the composite CPI, if such a CPI is used as a general deflator 
for the individual time series of prices. 
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Year 


1976 
1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 
1965 
1964 
1963 
1962 
1961 
1960 
1959 
1958 
1957 
1956 
1955 


*Based on Average Monthly Rainfall for the Major Cane-producing Zones of 


Kenya. 


SOURCE: 


TABLE 5-2 


Average Weather Index and Sugar 
Production in Kenya, 1955-1976 


*Average Weather 
Index: 1970=100 
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Domestic Sugar Production 
[Thousand Metric Tons] 


190 
180 
163 
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124 
125 
115 
8] 
60 
36 
29 
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38 
39 
33 
30 
28 
28 
20 
20 
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Government of Kenya, (i) Economic Survey; and (ii) Statistical 
Abstract (Nairobi, Government Printer, Annual Issues up to 1976). 
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Year 


1976 
1975 
1974 
1973 
1972 
197] 
1970 
1969 
1968 
1967 
1966 
1965 
1964 
1963 
1962 
1961 
1960 
1959 
1958 
taeoy 
1956 
1955 


*The price considered is the retail price since the wholesale price 
records for the period before 1966 are not available. 
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TABLE 5-3 


Selected Prices and Price Indices 


Government of Kenya, (i) Statistical Abstract; and (ii) 
Economic Survey (Nairobi: Government Printer, Annual 


in Kenya, 1955-1976 


Maize Price 


[Kshs. 
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Issues up to 1976). 


East African Statistics Department, Quarterly Economics 
and Statistics Bulletin (EAHC, Nairobi, Back Issues to 
1952). 

United Nations, Statistical Yearbook (New York, Various 


Issues up to 1978). 
Author's synthesis (calculations). 


Consumer Price Index: 1970=100 


Food Only Composite (All) 
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The price of sugar in Kenya has been regulated by the Government 
Since sugar production was declared a special or scheduled crop in 1966. | 
In pricing, the Government takes into account the domestic cost of 
Production, the supply and demand situation and the price movements in 
the world sugar market. To facilitate correlation analysis of domestic 
and world sugar prices, the ISO composite sugar price is taken as the 
relevant world sugar price.* Table 5-4 presents the ISO composite sugar 
price plus the population estimates, total disposable income, and per 
capita income for Kenya.° Various measures of national income could be 
used in the analysis; the relevant measure of national income used in 
the study is the disposable income.“ The data presented in Table 5-4 
Suggests that there has been a relatively slow growth in per capita 
disposable income despite the apparently high growth in total disposable 
income, particularly after Kenya became a sovereign state in 1963. This 


trend can be attributed to the relatively fast growth in population 


(see Table 5-25). 


"as explained in Chapter I, the terms "special or scheduled crop" refer 
to any agricultural commodity in Kenya whose pricing or marketing is 
regulated by the Government. 

eThe ISO composite price was mentioned in an earlier section. This price 

is usually expressed in U.S. cents per pound, f.o.b. (or f.a.s.) Cuba 

or the Caribbean ports. 


3Basically, the population figures are estimates since official population 
censuses have been held once a decade, the latest census having been held 
late in 1979. 


* Examples include gross domestic product (GDP), gross national product 
(GNP), and various measures derived from GDP or GNP, such as total 
disposable income. 
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International Sugar Price* and Kenya's Disposable 
Income and Population Estimates, 1955-1976 


TABLE 5-4 
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ae = ge Sas Sugar Population Total presets Per Capita 
(U.S. ¢ per 1b.) Estimate Income Disposable Income 
(million) (K£ million) (K£) 
1976 th. OU Ta.05 1378.6 99.54 
1975 20.44 13.40 hl2725 84.14 
1974 29.66 12.91 982.7 Pasa Ws 
1973 9.45 12.48 792.8 63.53 
1972 Peet 12.07 709.4 58.77 
1971 4.50 11.67 636.9 54.58 
1970 3.68 Li?3 560.8 49,94 
1969 3.20 10.88 510.5 46.92 
1968 1.90 10.48 469.6 44.8] 
1967 1237 Oca 424.5 41.95 
1966 eras 9.78 403.8 4].27 
1965 2203 9.37 354.8 31 .of 
1964 Ae 9.10 358.6 39.4] 
1963 8.29 8.85 259.0 29327 
1962 ai Es! 8.60 244.0 Coal 
1961 3.49 fo beets 225.0 26.95 
1960 =i £:| Bitz 226.0 21.83 
1959 2.97 7.14 215.0 30.1] 
1958 aa) 6.95 208.0 29.93 
1957 5 16 6.77 205.9 30.41 
1956 3.47 6.59 193.4 fale peat 1a) 
1955 3.24 6.42 181.1 28.21 


*As discussed elsewhere, the ISO composite sugar price is used to 
represent the free world market price of sugar, and is expressed in U.S. 
cents per pound, f.o.b. Caribbean ports. 


Commodity Review and Qutlook (Rome: FAQ, Various 


UN, Demographic Yearbook (New York: UN Statistical Office, 
Various Issues up to 1978). 


SOURCES: (1) 
(2) 
(3) 


FAQ, 


Issues up to 1978). 


Government of Kenya, Statistical Abstract (Nairobi: 


Government Printer, Various Issues up to 1976). 
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There has been a steady growth in consumption of sugar in Kenya 
over the last two decades. Production of sugar has also been increasing 
during the same period. However, domestic production level still falls 
below the total domestic requirements for sugar so that some imports of 
Sugar still have to be made. Table 5-5 presents the various annual 
quantities of sugar consumption, imports and stocks in Kenya over the 
last two decades. The Government policy has been to maintain sugar 
imports to levels slightly higher than what is needed to satisfy total 
domestic requirements, the objective being to build up some stocks that 
could be used in the face of emergency situations. The sugar consumption, 
imports and stocks data indicate that there have been significant 
reductions in the proportion of sugar imports to total sugar consumption 
in Kenya over the sample years. Generally, the state trading corporation 
(KNTC) offers for sale in the domestic market only the quantity of sugar 
that is deemed adequate for the perceived demand. Stocks remain in the 
custody of KNTC and are not released unless there are acute sugar 
shortages in the country. 

The expression and presentation of data in terms of an index 
relative to a specified base year or period facilitates identification of 
annual or seasonal movements. Besides, the analyses based on such 
indexed data offer results that are easy to compare or contrast directly. 
Hence the data were first expressed in terms of indices, with 1970 as the 
base year, wherever applicable, before being used in the desired analyses. 
The data indices can be found in the Appendix to the thesis. 

The general data treatments involved the use of regression 
analysis in the determination of the structural coefficients of the 


various estimating models. Other treatments included correlation 
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Year Consumption Imports Stocks 
1976 248 50 a 
1975 235 50 29 
1974 225 80 34 
1973 217 76 16 
1972 195 114 19 
197] 180 59 8 
1970 158 38 5 
1969 142 ai 

1968 132 5] 

1967 bet 61 

1966 121 85 

1965 112 83 

1964 105 70 

1963 98 60 

1962 100 67 

1961 93 60 

1960 88 58 

1959 78 50 

1958 a 43 

1957 69 49 

1956 65 45 

1955 55 38 


* The two dots imply that records of stocks are not available. 


SOURCES: (1) 


(2) 


TABLE 5-5 


Consumption, Imports and Stocks 
of Sugar in Kenya, 1955-1976 


(Thousand Metric Tons) 


Government of Kenya, (i) Statistical Abstract: and (ii) 
Economic Survey (Nairobi: Government Printer, Various 
Annual Issues up to 1976). 

Ministry of Agriculture, Economic Review of Agriculture, 
Vol. 7, No. 1 1975 (Nairobi, Kenya). 


» January-March, 
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coefficient analysis, price spreads analysis, and the tests of statistical 
significance for the results from the various analyses. The review of 
the analytic techniques was presented in the previous chapter; the 
specific data treatments and the applications of the analytic techniques 
will be presented in the ensuing paragraphs ere Cane sections. 
The Analysis, Evaluations and Applications 
of the Analytic Results 

Introduction 

This section of the chapter examines and discusses: (i) the 
general behaviour of the sugar market in Kenya in terms of marketing 
practices and prices; (ii) the analysis in terms of any econometric 
problems which were experienced and the remedial actions which were 
taken before obtaining the estimates of the models; (iii) the results of 
the estimate of the various analytic models; and (iv) the statistical 
significance and economic relevance of the various analytic results. 
The evaluation of the analytic results is followed by an application of 
these results in the assessment of the performance of the sugar industry 
and, subsequently, in the formulation of market improvement proposals 


for the industry. 


Marketing and Sugar Price Spreads 


Marketing and pricing of sugar in Kenya have been regulated by 
the Government since sugar was declared a scheduled crop in 1966. The 
control of the sugar market has been facilitated through granting of 
monopoly power over sugar trade to KNTC, a state trading corporation. 


The corporation ensures that sugar is sold at one price throughout the 


country by fixing the marketing margins. To facilitate sugar distribution, 


the state trading corporation operates strategically located depots in 
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the major towns in the country and appoints dealers who act as its 
wholesalers in all major trading centres. The retailers obtain their 
Sugar from the KNTC dealers and have to sell this sugar to the consumers 
at the Government announced price. 

Data on sugar marketing margins are hard to get. In view of the 
data scarcity or gathering problem, and given the fixed nature of sugar 
marketing margins, no analysis of the marketing margins is carried out 
in the study. However, the analysis of the sugar price spreads can be 
undertaken as a means to give the general trends in marketing margins. 
This approach facilitates an examination of the general behaviour of the 
market over time and is applied in this study. 

In order to facilitate the analysis of movements in price and 
price-spreads for sugar using the available data, the following 
assumptions are made: 

(i) Cane price represents the sugar producer price; 

(ii) Price paid to sugar processors (ex-factory price) can be 

used as the proxy for the wholesale sugar price; 
(iii) Sugar processing cost can be taken as a fixed proportion 
of the difference between the producer price and the whole- 
sale price, so that the index of this difference can be 
used as a proxy for the wholesale price spread. 
The retail price spread is calculated as the difference between the 
ex-factory price and the retail price of sugar. 
Figures 5-1 through 5-5 illustrate the recent annual fluctuations 


of the producer, wholesale and retail prices of sugar in Kenya, including 


'n more detailed discussion of Sugar Marketing in Kenya is presented 


in Chapter III of the thesis. 
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FIGURE 5-1 


Producer Price Movements for Sugar 
in Kenya, 1963/69-1976 


(1970 = 100) 
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SOURCE: Author's Work (based on Data in Appendix A-1-1). 
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FIGURE 5-2 


Wholesale Price Movements for Sugar 
in Kenya, 1966/69-1976 


(1970 = 100) 
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SOURCE: Author's Work (based on Data in Appendix A-1-1). 
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FIGURE 5-3 


Retail Price Movements for Sugar 
in Kenya, 1963/69-1976 
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SOURCE: Author's Work (based on Data in Table A-1-1), 
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FIGURE 5-4 


A Comparison of the Wholesale and Retail Sugar 
Price-Spreads Movements in Kenya, 1963/69-1976 


(1970 = 100) 
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SOURCE: Author's Work (based on Data in Appendix A-1-2). 
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FIGURE 5-5 


A Comparison of the Domestic (Kenya) and 
World* Sugar Price Movements, 1963/69-1976 


(1970 = 100) 
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*Relevant World Market Sugar Price is the ISO composite price, which has been 
described elsewhere. The relevant domestic price is the retail price of sugar. 


SOURCE: Author's Work (based on Data in Appendix A-3). 


159 
















4 = "dé 

4 fn 

- ' i 5 } 

, ; : ae ; 

z4 Pe a 

y hy y 
3 1 


eo 
- 


*y om 
rv, oF? eee att Bo. ne BMD 2A in 
\OT-CR\EORT. seteemeyat cote? soqul bing 


j @ 
j . 
‘ t = 
‘ 
i 
= 9 
: 
y ‘ 
= 
‘ 
od 
*» 
a“ 
a oe 
— 
\ : 
4 
| 
\ - 
4 
; ~ 
Me 
> 4 
=e 
= 
he 
a > 
= = P= bes 6 ae 
’ 
= — _——— oe 
’ -aa% } He 
7 : aS te! a 


os a“ = 1! q 

' an) a 4 nie 
{ jl , oLrmcs a] hed “*Hgne: tours stat aul Ines Be 
C43 1 ' nelhee op eaded Ine vein by. = 4 ¥ Tvpale bed ar on 
vee = “ ie 7 ed Yow 7 ; 
A i taneoh of ete vo: paend) ei a soi ROR 
7 Bo eo ~~ aon : — .< 






fi i 






160 


comparisons of annual fluctuations of (i) the domestic wholesale and 
retail price spreads and (ii) the domestic and world prices for sugar. 
Comparability is facilitated through the expression of the various 
structural variables in index forms, with 1970 as the base period. 

The analysis of the trends in sugar prices shows that the producer, 
wholesale and retail prices had remained relatively stable for the period 
between 1969 and 1972. However, these prices experienced sharp increases 
after the end of 1972 (see Figures 5-1, 5-2 and 5-3). The general trend 
for the price of sugar in Kenya is seen to correspond with or follow 
closely the general trend for the world sugar price (see Figure 5-5). 
This trend is also evidenced by the fact that the correlation coefficient 
between the Kenyan sugar price and the world sugar price is about 0.62. 
Further, a simple regression analysis in which the Kenyan sugar price is 
expressed as a linear function of the world sugar price shows that the 
structural coefficient of the implied linear model is statistically 
Significant at 1 percent level. ! In spite of the high level of 
correlation between the Kenyan and the world sugar price, the price of 
Sugar in Kenya has been rising more steadily when examined against the 
background of the high fluctuations in the world market price for sugar. 
The domestic price is also seen to have been sticky in a downward 
direction. 

The analysis of the trends in price spreads shows that both 


wholesale and retail price spreads had followed the same general trend 


‘These inferences are based on the results of correlation and regression 
analyses which were carried out by the author. As explained elsewhere, 
the relevant world sugar price used in the analyses is the ISO composite 
Sugar price. 

















/ sand tal i? 19 ane rh 
; } ‘ 2: ony wat Sta gon t 3 


re _ 

' 2e nei 72904 eft ADO nassses eat a an ied risa am 100 

' F mi)” : aa x 

i sesd at gS BOER raw . cere obat nt gotdatyey Ts Cee: 


ie seyiyq kegue vf ebaoet of Yo eheylona ae 
» 7 


ovAiefer bontcwey $64 eto Fag lisse bas of scale 


ede bwormaaqve Quatan sesdi .revawoll™ SCN bap C6) kaa 
; 
2 We See ,[~F ceruclt sie) § ef Yo bie ae 
1OgeA | Of wane 2; Avnet at vepue 7,90) 
: 
wa vague Hisew add vot bast Tsxenap SA? 
= : 
) wortaletven ade takt saat Ste Va ae anabhve sets et brs 4 
Sr °-, 
resge Biaow. ele be Boirg Yepve- Dayne: 93, nea 
= Ay. A a 
WHOL ste dob at 2 lens fietersiger ei umle-6-% 
5 ie bs 7 
q s4pe2 bitaw at! Te bats oil veant? 6 26 begeey 
| “gent! 6 fqut and 9 Sagat tiaes 
~ - n 
: ia ott Ye tie wt," ie T Sau yisg | 36 BOL OFT rig 
: ar ‘ fi 
. So0g2 Yt WGW eI piles e793. ao neewd sd nor teie 
; (aes 
( j ij ? , 4 af } 
' - ' j \4 rs “"s ro = 
nu bivOw ety pf! sieaugowt 7 
’ 7 eee 
; ae | rN is AE i, 1 oo ve Ge 


niod Jatt awoae abuaige ohn fii eagiea = a 
| aig Yo" 


” > ay “ 
wits) Terma emee oA2 bamol : oy ber cuore peers 52 


- 


A ‘ 


‘ 7 } (oO en 









a 


a cE = ars ne 
Se ee : 





= 
-  @ 





; Agee Ww 


kzaenaen 3 vo gah pines Mo 22 Cue a no bean ore aso 
ida Ww 2 6. ow vip al Drain a ig Fue ey 59! WTB: , dy be , 


Led its pares ‘ass gue 


a 


as the producer, wholesale and retail prices of sugar up to 1972. 
However, the wholesale price spread continued to follow the general trend 
in price increases while the retail price spread started to decline 
steadily after the end of 1972 (see Figure 5-4). The result of these 
general movements in the wholesale and retail price spreads is that the 
gap between the wholesale and retail prices of sugar in Kenya has been 


narrowing steadily over the last ten years. 


Estimation of the Analytic Models 


The choice of the types of analytic models and their nature of 
specifications is an important step in empirical analysis. Such a choice 
should be based on available information and the relevance of the results 
which are associated with the preliminary tests or applications of 
alternative models. The general linear model was chosen as the basis for 
the analytic models used in this study. Two alternative specifications 
of this general linear model were examined. The first one was based on 
the assumption of a linear relationship between the actual numerical 
values of the dependent and independent variables, while the second one 
was based on the assumption of a linear relationship between the 
logarithms of the numerical values of the dependent and independent 
variables in the model. The model based on the first type of 
Specification will be referred to as the DLM (i.e., Direct Linear Model) 
while the model based on the second type of specification will be referred 
to as the LLM (i.e, Logarithmic Linear Model). 

Estimates of the structural parameters of the analytic models are 
obtained through the application of the least squares estimation 
techniques. Assessments and evaluations of results based on different 


estimation procedures for different types of models are done in order to 
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determine the models that adequately describe the structure of the sugar 
industry in Kenya. Such assessment and evaluation procedures involve the 
application of statistical methods. To be specific, the analytic models 
are subjected to scanning techniques or tests in order to detect the 
Presence and severity of the econometric problems that could render the 
estimates unreliable, depending on the model estimation methods used. 

The estimates of the structural parameters of the models are then 
subjected to tests of statistical significance in order to assess their 
validity and reliability. 

The presence and severity of individual econometric problems are 
assessed by applying appropriate scanning techniques or tests. The 
presence of serial correlation would make ordinary least squares (OLS) 
estimates inefficient, | though not biased; the same result would apply 
if heteroscedasticity were present. On the other hand, the presence of 
multicollinearity would make the estimate of individual structural 
coefficients of the models virtually impossible. Inefficiency of 
estimators arises from high variances for the estimators and is thus a 


problem that will arise if any of the econometric problems were present. 


A General Overview on Estimation Problems 
Preliminary tests of the results based on the applications of the 


two alternative models, i.e., the Direct Linear Model (DLM) and Logarithmic 


‘The terms "inefficient estimates" refer to the fact that the desirable 
property of "best" (i.e., "minimum variance") for OLS estimates is 
violated (see the introduction of Appendix A-5). 

en detailed discussion of the various scanning techniques or tests for 

the presence and severity of individual econometric problems can be 

found in the Appendix A-5. Individual estimating models will be intro- 
duced briefly under the relevant sections before the results of the 
model estimates are presented and discussed. 
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Linear Model (LLM), showed that both models gave statistically comparable 
and economically valid estimates. However, the DLM estimates were 
Statistically significant at slightly higher levels, with some coefficients 
being slightly greater than those associated with the LLM. Hence, the 

DLM specifications are used in the ensuing analyses. | 

The Goldfeld and Quandt tests and Spearman's rank correlation 
coefficient tests indicated that heteroscedasticity was not a problem. 
Durbin-Watson d-statistic and h-tests indicated that serial correlation 
was an isolated problem. Farrar-Glauber tests indicated that multi- 
collinearity was the econometric problem that was frequently present .° 
Therefore, methods to facilitate model estimation in the presence of 
multicollinearity had to be devised and applied in a number of cases. 

The Cochrane-Orcutt iterative technique was used as a remedial measure 
for autocorrelation before obtaining the least square estimates of the 
model wherever tests for autocorrelation were positive. 

The following are some general observations that are made from 
the experiences with empirical estimation of the models for supply and 
demand analysis using the conventional lagged supply-estimating model and 
the classical demand-estimating model: 

(i) The estimates gave highly significant R-squared values and 
insignificant structural coefficients even at 10 percent level of 


significance when nominal data were used; 


‘ouch tests included the t-statistic tests for the significance of the 
estimated structural coefficients and the F-statistic tests for the 
goodness of fit of the estimated regression lines. 
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(ii) When these nominal data were deflated with the consumer 
price index (CPI), the estimates did not improve: the R-squared values 
continued to be highly significant while the estimates of structural 
coefficients remained insignificant at the 10 percent level, some 
estimates being inconsistent with theory in terms of expected signs for 
the coefficients. 

The above observations are consistent with what one may expect 
from model estimation when multicollinearity is present. | The inherent 
problem of multicollinearity became more severe when the data were 
deflated with the CPI. For this reason, nominal data are used in all of 
the model estimations and methods of estimation in the presence of multi- 
collinearity had to be devised and applied before obtaining the least 
square estimates of the structural coefficients of the models. One may 
wish to obtain model estimates that are based on real magnitudes of the 
economic variables such as price and income, yet the presence of 
multicollinearity may necessitate the use of nominal variables. A 
suggested approach for obtaining estimates based on real magnitudes under 
such circumstances is the deflation of individual estimates of the 
structural coefficients of the models that one is interested in, with the 
average of the consumer price indices for the sample period after 


obtaining the estimates based on nominal data. 


The Results of Supply Response Analysis 


Cane production is an integral aspect of sugar production in 
Kenya. The Government sugar policy that was initiated in 1966 has been 
geared toward maintaining a cane price that will be an incentive toward 


'S6e, for example, D. Orr, op. cit., pp. 54-58. 
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increased cane production. Since the amount of sugar produced 
domestically is a constant proportion of the amount of cane produced and 
delivered to the processing mills, the analysis of sugar supply response 
was done in terms of examining the responsiveness of domestic production 
of both cane and sugar to changes in the values of the variables that 
normally influence the level of supply of agricultural products. 

The price P. of cane or sugar, price index S} for competitive 
produce, index Wy for weather or climatic condition, and index T for the 
state of technology were identified as the main explanatory variables in 
a model for estimating the supply function for cane or sugar at a 


Specified time period. Hence the relevant model can be specified as: 


soa S 
meee 07) etebat eee 9.) + b,N, Tb 


oPiny * b354¢_7 + byl, + beT + Vy (5-1) 


5 
where QF for t= 1, 2, ..., n, are the observed levels of production and 
the other variables are as defined previously, following the notations 

of equation (4-8) in Chapter IV. The individual and joint effects of the 
various independent variables on the dependent variable could be examined 
through the stepwise regression technique. 

Maize was shown to be the major competitive produce relative to 
cane and sugar production in Kenya (see Chapter III). Hence, a price 
index based on maize prices was constructed and used as a proxy for S+ 
in the estimating model. The amount of rainfall received in the cane- 
producing zones is the major weather variable influencing the supply of 
cane. Hence, an average rainfall index for the three main cane zones 
was used as a proxy for Wis while a time trend factor was used as a 
proxy for T in the estimating model. 

The use of stepwise regression technique in the analysis of 


individual and joint effects of the various explanatory variables on the 
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dependent variable in the model implies that one or more of the 
explanatory variables are omitted in turn from alternative estimates of 
the model. This technique could be used along with the Farrar-Glauber 
tests to determine the relevant explanatory variables for models in 
empirical analysis. However, Farrar-Glauber tests are primarily intended 
to detect the explanatory variables in a model that could be the source 
of severe multicollinearity. | 

The other types of models used in the estimation of the cane and 
Sugar supply functions in Kenya were the weighted prices model (WPM) and 
the dynamic supply adjustment model (DSAM). The derivations and 
descriptions of the two types of models are given in Chapter IV [see 
especially equations (4-9) and (4-10)], but the specification of the two 
models will be presented once again in a later section of this chapter. 

Stepwise regression results based on the estimation of the cane 
supply function using the model specified in equation (5-1) are 
Summarized in Table 5-6. 

The notations in Table 5-6 will be used in subsequent present- 
ations and will thus be explained. For every model estimated, the first 
row (designated "Estimate") gives the estimates of the underlying 
structural coefficients of the model. The bracketed S.E. row gives the 
the standard errors of the estimates, while the SL row gives the 
significance levels associated with the appropriate estimates. From the 
theory, SL lies between 0 and 1 (i.e., 0 < SL <1), the statistical 


interpretation being that the closer to zero the SL, the greater the 


'b. Orr, op. cit., pp. 57-58. 
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TABLE 5-6 
Supply Relationships for Cane in Kenya, 1962-1976 
ae S 
Models: Qi. bo + bjQy_y "| boP4_4 + b3S,_4 - byW, + beT + 4 


(Stepwise Regression Results, Lagged Prices Model [LPM]) 





Model 





Specification COEFFICIENTS Re Fc 
Number and b b b b b b 
Description fe) ] 2 3 4 5 
1: Estimate 0.60 0.23 -0.34 0.39 -0.58 5.95 0.93 22.48 
tS.E«) 0.422 Ors0seeUso0 mus sou. 0.37 42073 ~ - 
St Ostge eae eo SU eoeweeUeo3. 0.15 0.06 0.00 0.00 
2: Estimate OJ dene Ode cee ees 20 we-0.236 0.91 23.40 
(S.E.) U.40n UveomeGeaGee  UL31 600.25 (n/i - - 
SL O17 0.69 eeGs64e8 0.53...0.18 0.00 0.00 
3: Estimate <0 19s 0c ie Us25.5-0, 06 5.96 0.91 ea.0e 
Es) Othe So Rete aeOGSOa. NLL tndcea - - 
SL O93 106 Oe) Oe oa), OA 0.10 0.00 0.00 
4: Estimate 0.22 0.08 0.62 -0.08 0.89 2 hve 
(Scb Oeste OU. cOmeUtsoeU.2co 6/1 ON/ i - - 
Si 0.54 O77 = AD 1A e077 0.00 0.00 
5: Estimate Ute Od 2 ees 0.89 44.70 
iScw) De ola oad eee Out | 4 n/in/i - - 
SE Un 5/ aa. Gua fue 0.00 0.00 
6: Estimate 0.33 0.54 0.89 96.06 
(ok) Gesemeriyal Oeiore. n/t n/in/i - - 
SL 0.32 0.01 0.00 0.00 


n/i = Variable Not Included in the Estimating Model. 
SOURCE: Author's work. 
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Significance of the estimate. | The R-squared and F values indicate the 
significance of the estimated regression lines. 

In Table 5-6, the first regression result (i.e., Model Specifi- 
cation 1) gives the estimate of the completely specified model. At the 
10 percent level of significance, the estimate of the complete model for 
cane supply gave insignificant estimators for the structural coefficients, 
except for the coefficient of the time trend factor, despite the highly 
significant R-squared value of 0.93. Although the R-squared values 
suggest that Model Specification 1 gave the best fit for the cane supply 
function, only the estimating models in which single explanatory variables 
were used gave significant structural coefficients at the 10 percent 
level. The results suggest that the presence of some multicollinearity 
may be the causal problem for statistical insignificance for the 
estimates. Hence, Farrar-Glauber tests for the independent variables 
that could be the source of multicollinearity were executed. 

Results of the Farrar-Glauber tests indicated that the time trend 
factor (T), prices (P, and S,) and the explanatory lagged quantity (on 
were highly collinear. These results are consistent with inferences 
that could be made from an examination of the partial correlation 
coefficients (see Table 5-7). 

Based on Farrar-Glauber tests, bee could be the source of severe 
multicollinearity. From the matrix of correlation coefficients, P,_, and 
S+_] are highly correlated and could also introduce multicollinearity, 


while W, is the least correlated with any other variable. Hence W, could 


t c 


lbercentage significance levels at which the estimated coefficients are 
evaluated for statistical significance will be given in all relevant 
discussion. 
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TABLE 5-7 


Matrix of the Partial Correlation 
Coefficients for the Variables in the 
Cane Supply Estimating Model (LPM) 


a Oy Pea] St-1 We 4 
Q 1.00 
rei 0.93 1.00 
ee 0.80 0.75 1.00 
a 0.51 0.40 0.86 1.00 
We -0.07 -0.09 -0.14 -0.12 1.00 


li 0.94 0.93 nt 0.45 0.11 1.00 


SOURCE: Author's Work. 


be dropped from the model without significantly affecting the explanatory 


power of the model. Similarly, any of the variables Orta TseP and 


t-1] 
S47 could be omitted without significantly reducing the value of 
R-squared in view of their high partial correlation coefficients. On 
theoretical grounds, and given the purpose of the analysis, a; and oe 
must appear in the estimating model, no matter what approach is taken to 
correct for multicollinearity. 

There are a number of suggested approaches for model estimation 
in the presence of multicollinearity. The simplest approach could 
involve the deflation of all variables in the model by any of the 
independent variables that could be the cause of multicollinearity, or 


the omission of one of any pair of explanatory variables that are 


collinear from the estimating model. More sophisticated approaches 
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could involve the pooling technique or the principal component analysis 
technique. | 

Most of the available approaches to model estimation in the 
presence of multicollinearity result in the loss of some information that 
could be useful in the analysis. For instance, the statistically popular 
technique that involves principal components analysis implies that a 
large group of independent variables is expressed in terms of their 
prchonera) linear combinations, thus giving a smaller set of explanatory 
variables. The transformations involved in this technique result in 
explanatory variables that are difficult to interpret directly as 
observed economic variables. Other techniques, such as the pooling 
technique, have limitations since they require prior knowledge about some 
of the structural coefficients. Hence an assertion that none of the 
available techniques can be used to eliminate multicollinearity completely 
without sacrificing some information appears to be justified. The best 
remedy for multicollinearity would be to seek more information, for 
instance through selection of a new sample or through increasing the size 
of the sample.> This remedy could not be applied in this study. Omission 
of one of any two explanatory variables in the model that are highly 
collinear is a common approach to model estimation in the presence of 
multicollinearity and is examined in the study. 

Given the limitations of the available approaches to model 


estimation in the presence of multicollinearity and taking into account 


Ieees for instance, M. Dutta, op. cit., pp. 154-156; 235-239. 
cTbid., Beles. and pa. lob. 


3p, Orr, Op. cit... pc 298; and Mi Dutta, op. citi, (pp. 155-156, 
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the size of the sample and the main purpose of the analysis, which is to 
obtain the price effect on production, the approach adopted in the 
estimation of the cane supply function was to omit some of the 
independent variables from the estimating model and examine if significant 
price coefficients could be obtained. Hence the estimating models for 
the cane supply function can now be specified as: 

Lye 0, = bo th epee motes + Vy (5-2) 
for the short-run supply function, so that: 

ipa (1 - A) 

where A is the adjustment parameter; in the long-run, A = 1 so that: 


POP g: = b hoe, Bee (5-3) 
is the long-run version of the supply-estimating model. The last two 
regression results in Table 5-6 give the estimates of equations (5-2) 
and (5-3). These are the estimates that will be used in further analytic 
work, particularly in the evaluation of the analysis. 

The lack of a large sample was a major limitation for the types 
of models that could be used in the estimation of the cane supply function. 
A small sample imposes the problem of degrees of freedom as the number 
of structural coefficients of the model to be estimated is increased. 
For this reason, the available number of observations on the data related 
to sugar production was considered sufficient to facilitate the 
estimation of the sugar supply function using the DSAM and the weighted 
prices model. 

Estimation of the sugar supply function using the conventional 
lagged prices recursive model resulted in problems similar to those 


experienced during the estimation of the cane supply function using the 


same type of model. Table 5-8 presents the stepwise regression results 
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TABLE 5-8 
Supply Relationships for Sugar in Kenya, 1955-1976 
1¥.Shie- S 
(Stepwise Regression Results, Lagged Prices Model [LPM ]) 


ee 


Model COEFFICIENTS 9 
Specification —— $< R F 
Number and b b b b b b 
Description # : 3 4 
Oe ea eo 
1: Estimate Al tue Obs ee-Ond, 0.28 ..-0.12,..0.03 0.95 58.13 
(S.E.) (22 Oat. gee O.10 0.167 0.0! - - 
SL () AO Ge AL OA 40254 0.02 0.00 0.00 
2: Estimate =0.28: 0:71 =0:27 0.34 0.03 0.95 Powe 
(S.E3} Oviceiielae 20420210216... n/i_...0.01 - - 
SL 0205760700" 0:2). 0:05 0.01 0.00 0.00 
3: Estimate sfacew s995e-Usioe U.2e, 10.13 0.93 51.95 
(SE) ese eee Oe om u.e.) 0.20 n/7 - ~ 
SL 0.39+..0.00. 0559. 0.29 . 0.54 0.00 0.00 
4: Estimate =U op OeobwesU.U5" 0.15 0.93 Feels 
(S$ Boa Delton elo meer Ole. n/i., n/J - - 
SE Oba Ue00m wOGole: O24 0.00 0.00 
5: Estimate -0.02 0.91 0.09 2925 (Fl0 232 
a ae OG U2mecs tees 1) yt mt Wt - - 
Sk (86. 10200) (a0 255 0.00 0.00 
6: Estimate Lares 0.14 O.oe 213.92 
(S.E.) 0.81 n/i CP leer hel Ai eens - ~ 
SL 0.05 0.42 0.00 0.00 


Se a 8. eee eee tS 


n/i = Variables Not Included in the Estimating Model. 
SOURCE: Author's Work. 
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based on the lagged prices recursive model. 

The results given in Table 5-8 show that the estimation of the 
completely specified model, as described by equation (5-1), gave price- 
coefficient estimates that were inconsistent with theory expectations 
and statistically insignificant at 10 percent level. Another observation 
is the result that the omission of some explanatory variables from the 
estimating models did not substantially reduce the R-squared values. 
These results suggest that multicollinearity could be present, and this 
inference is supported by the results of partial correlation analysis for 
the various variables in the completely specified estimating model (see 
Table 5-9). 

Based on the results of partial correlations analysis, the 
explanatory lagged dependent variable Te the trend variable T and the 
price variable bes could be suspected to be the source of multicollin- 
earity. Therefore, a method of estimation in the presence of 
multicollinearity had to be devised. 

Price coefficients are of major interest in economic analysis, 
yet the six results from stepwise regressions gave estimates of price 
coefficients that were statistically insignificant at the 10 percent 
level and inconsistent in terms of theory expectations (see Table 5-8). 
Given the importance of price coefficients in the analysis, omission of 
price variables from the estimating models on the grounds that prices 
and other variables are collinear would not be appropriate as a method 
of estimation in the presence of multicollinearity. Any transformation 
of original data or any other approaches that are designed to facilitate 
model estimation in the presence of multicollinearity should be designed 
such that the interpretations for the price coefficients from the 


estimates will not be ambiguous. 
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TABLE 5-9 


Partial Correlation Coefficients Matrix 
for the Variables in the Sugar Supply Function 
Estimating Model (LPM) 


S S 
ors Qe Peed >t] We : 

Ss 
a 1.00 
q° 0.96 1.00 

t-1 ; 
Pi 0.80 0.81 1.00 
ee, 0.39 0.35 0.69 1.00 
We 0.23 ies 0.22 -0.18 1.00 
T 0.92 0.90 0.73 0.20 0.43 1.00 


SOURCE: Author's Work. 


The first attempt to estimate the sugar supply function in the 
presence of multicollinearity was carried out by omitting some variables 
from the estimating models. However, this procedure did not result in 
significant price coefficients (see Table 5-8) even at levels of 
Significance as low as 10 percent. Weighting of price variables in the 
estimating model was perceived as a possible method of reducing the 
severity of multicollinearity. Such weighting should be based on theory 
and known biological characteristics of the produce whose prices are to 
be weighted. Consequently, a weighted prices model whose specification 
Ae 
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was used in the estimation of the supply function. The justification 
for the weighting and the lag structure, including the definition and 
description of the notations was given in Chapter IV [see especially 
equation (4-9) ]. 

From theoretical considerations, the weighted prices model of 
equation (5-4) takes into account producers reactions to price changes 
over a relatively long period (covering the life cycle of the crop). 
Hence the model is likely to fit the description of a long-run supply 
estimating model more than that of a short-run type of estimating model. 
Table 5-10 gives the results of the estimate using the weighted prices 
model. 

These results indicate that the estimates of the structural 
coefficients obtained through the use of the weighted prices model are 
significant at 10 percent level, except for the coefficient of the 
explanatory lagged variable Se which is not significantly different 
from zero at that level of significance. The results suggest that the 
value of the adjustment parameter is close to unity, which suggests 
that the model gives an estimate of the long-run supply function. Hence 
the two specifications illustrated in Table 5-10 give relatively close 
estimates. 

Another perceived method of estimation that might facilitate 
estimation in the presence of multicollinearity was to use the model in 


which the relevant explanatory variables are deflated with indices based 


on the anticipated annual changes in their levels, This approach suggests 
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TABLE 5-10 


Sugar Supply Function, Kenya, 1955-1976 


: ie S * 27 
Models: Q) = by + byQi_1 + BoP, + B35, + baW, + beT + Vi 
(Weighted Prices Model, WPM) 
Description COEFFICIENTS a2 : 
vo ol  ) 


Specification 1: 


Estimate -0.81 -0.15 1.56 -0.55 -0.30 0.07 0.96 70057 
Coes) Orae 022 mame s | 0.13-.0.03 - - 
SL O20/=" OFS0R7 Ol i5ee 02505") 1070540. 02 0.00 0.00 


Specification 2: 


Estimate -0.60 1.377" =0748 ¥=0329' 0:06 0.96 2M icesks 
(Sse) CoV Rel some eUaee §—Oal2 0203 - - 
SE 0.07 Orda * 0305 0:03" "0.02 0.00 0.00 


n/i = Variable Not Included in the Estimating Model. 
SOURCE: Author's Work. 


that previous levels of the variables are deflated with indices based on 
the current changes in the levels of the appropriate variables. This 
Specification of the model is likely to reduce the degree of collinearity 
between the relevant explanatory variables in the model. The proposed 


model specification gives a model whose structure jis: 


p 5 W 
oe. S t-1 t-1 t-] “ 
Dewet Potty Sate vo ptt | y valet | t malas | + Ve (5-5) 


The model of equation (5-5) is the model that was proposed as a dynamic 
supply adjustment model (DSAM) in equation (4-10) of Chapter IV. 
The specification of DSAM incorporates effects of time changes 


directly in the explanatory variables so that the trend variable T, which 
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was shown to be highly collinear with the other variables, does not 
appear as a Separate explanatory variable. This step in specification 

in itself is seen as a likely means of reducing the problem of multi- 
collinearity. The nature of DSAM specification also suggests that DSAM 
is likely to be more appropriate as a short-term supply estimating model 
Since it incorporates year-to-year movements of the changes in the levels 
of the explanatory variables. 

Table 5-11 gives the estimate of the sugar supply function based 
on DSAM specification as described in equation (5-5) and on two variants 
of this model, which are given as Specifications 2 and 3. The second 
and third specifications in the estimate of the DSAM are done in order 
to see what happens when the variables whose coefficients have been shown 
to be statistically insignificant at a specified level are not included 
in the estimating model. 

The results given in Table 5-11 indicate that DSAM estimates gave 
price coefficients that were consistent with theory expectations and 
Statistically significant at 10 percent level. The results also show 
that the omission of variables whose coefficients have been shown to be 
Statistically insignificant at a specified level has an impact on the 
magnitudes and significance levels for the estimates of the coefficients 
of the remaining variables in the estimating model. The DSAM estimates 
also showed that the adjustment parameter is highly significant (i.e., 
statistically significant at the 1 percent level). This result shows 
that short-term supply adjustments based on price expectations have been 
statistically significant at the 1 percent level. In view of this high 
level of statistical significance for the adjustment parameter in relation 


to the significance levels for the other structural coefficients, DSAM 
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TABLE 5-11 


Sugar Supply Function, Kenya, 1955-1976 


Model: QS = b + b,Q8_, + ba Pt | + bate | + | 


PDEX SDEX 


(Dynamic Supply Adjustment Model, DSAM) 


COEFFICIENTS 
Description D 


Specification 1: 


Estimate 0.02 0.94 0.26 -0.04 0.01 
ee) 0.06 0.07 Whe be 0.02 0.01 
SL 0.74 0.00 0.06 0.05 0.29 
Specification 2: 
Estimate 0.04 0.92 0.20 -0.03 
(Soe...) 0.06 0.07 Osi2 0.01 n/i 
Si 0.50 0.00 0.10 0.07 
Specification 3: 
Estimate 0.96 0.21 -0.03 
SE) n/i 0.45 0.11 0.02 n/i 
oe 0.00 0.08 0.06 
n/i = Variable Not Included in Estimating Models. 


n/a = Not Available, since constant depressed. 


SOURCE: Author's Work. 


estimates with the lagged quantity explanatory variable excluded did not 


0.94 
0.00 


0.94 
0.00 


0.94 
0.00 


65.94 
0.00 


86.48 
0.00 


n/a 


yield statistically significant estimates at the 10 percent level for 


the coefficients of the included explanatory variables. 


The results of 


Specification 1 in Table 5-11 are used in further analysis. | 


] 


The behavioural assumptions of the model (DSAM) still need some further 


evaluation or tests, although the model appears to have given some 


results that are consistent with theory expectations. 
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Some Concluding Remarks on the Results of Supply Response Analysis 


The apparent lack of previous quantitative evaluations of the 
responsiveness of cane or sugar supply to economic incentives led to the 
conception of this analysis. | In this study, cane and sugar production 
in Kenya have been shown to be sensitive to economic incentives: changes 
in cane and sugar prices have had statistically significant impacts on 
the levels of the supply of cane and sugar (see especially the results 
of Model Specifications 5 and 6 in Table 5-6 and the results in Tables 
5-10 and 5-11). An important observation that can be made from the 
experiences with model estimation is the fact that the results are 
sensitive to model specifications and the estimation methods. The 
conventional lagged prices model of supply analysis [see equation (5-1) ] 
was shown to be unsatisfactory as a supply-estimating model in the 
presence of multicollinearity: this problem was circumvented by using 
a weighted prices model [see equation (5-4)] and a more integrative 
dynamic supply adjustment model, DSAM [see equation (5-5)]. The latter 
two supply estimating models gave plausible results and are recommended 
as facile supply analytic tools. 

In view of the above experiences, one can suggest that all 
feasible model specifications and estimation methods should be examined 
in empirical analysis before one succumbs to conclusions based on a 
particular model specification and estimation method, particularly if 


such conclusions contradict theory expectations. 


‘C60 the review of relevant literature in Chapter III of the thesis. 
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The Results of Demand Analysis 


The purpose was to estimate a sugar demand function for Kenya, 
using both the dynamic version of the classic model of demand analysis 
and the state adjustment model (SAM). The SAM is a dynamic model of 
demand analysis which was first proposed and used by Houthakker and 
Taylor in 1970 [full description can be found in Chapter IV--see 
especially equations (4-14) through (4-24)]. 

The dynamic version of the classical demand model can be 
specified either as: 


fis 
Q, carat a,P. + ay, + aN, + a,T + U, (5-6) 


in aggregate terms, or as: 


a 
ee ay + a,P, + AoY 4 + aT z U. ers 


in per capita (i.e., individual) terms. The notations are as given in 
the derivation of equations (4-12) through (4-24) in Chapter IV, the 
only addition being Ny variable for total consuming units (i.e., 
population variable) in equation (5-6). The SAM is usually specified on 
a per capita basis, and may be expressed as: 

at = Ay + Age 7 * Aaveny + Agt Ye + Age Pe + AsPe_y * Ut aoe) 
for the short-term adjustment model, or as: 
at Se coP, + U, (5-9) 
for the long-term adjustment model. 

As observed in an earlier section of the analysis, multicol linearity 
and, to some extent, serial correlation are the econometric problems that 
are most likely to occur in multiregression analysis when using time 
series data. The latter problem is easily corrected for through the use 


of Cochrane-Orcutt iterative technique, and this was done in all estimates 
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where tests suggested the presence of autocorrelation. Table 5-12 gives 
the estimate of equation (5-6) using the Cochrane-Orcutt iterative 


technique. 


TABLE 5-12 


Dynamic Aggregate Sugar Demand 
Function, Kenya, 1955-1976 


Se 
Model: Q, “245, + a,P, + AoY + aN, + aT + U, 


COEFFICIENTS 


we 2 
Description ————_ R F 
ay ay ao a, ay 
Estimate = 40 2-2-0. 09s 0 cS) O257- 0.05 0.99 605 .03 
(See) 0.40 irdomeatiatsos 0,59 0.03 ~ ~ 
=| 0.33 Uecuameatony Uses i> «0.16 0.00 0.00 


SOURCE: Author's Work. 


The results in Table 5-12 indicate that the estimate of the 
aggregate demand function for sugar (using the classical demand model) 
gave structural coefficients that were statistically insignificant at 
the 10 percent level and a highly significant R-squared value. These 


results suggest that multicollinearity may be present, a possibility that 


is supported by the results of partial correlation analysis which indicate 


that all the variables are highly correlated (see Table 5-13), with Ny 
and T being almost perfectly collinear. Based on the results of Farrar- 
Glauber tests, Ny and T could be the major source of severe multicollin- 
earity. Hence one of these variables could be omitted in the estimating 
model. On theoretical grounds, Ny should appear in an aggregate model, 
while T should be accounted for in a dynamic model. In order to satisfy 


both requirements, a per capita demand model whereby N. is accounted for 
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TABLE 5-13 


Partial Correlation Coefficients Matrix 
for the Variables in the Sugar Demand Function 
Estimating Model 


a Pe ‘t Ne uy 
Qe 1.00 
P, 0.80 1.00 
a 0.96 0.92 1.00 
N, 0.98 0.75 0.93 1.00 
T 0.97 0.72 0.90 0.996 1.00 


SOURCE: Author's Work. 


in per capita consumption and per capita income variables was considered 
the relevant analytic model. However, a static aggregate demand model 
was also estimated in order to facilitate comparisons of various model 
specifications. 

Table 5-14 gives the estimate of the aggregate demand function 
in which T has been omitted. This is then the static aggregate demand 
function. A comparison of the results in Tables 5-12 and 5-14 shows that 
omission of T did not affect the goodness of fit of the regression line. 
However, this did result in statistically significant estimates of the 
structural coefficients of the model at the 10 percent level, thus 


confirming the role of T in introducing multicollinearity. 


Table 5-15 gives the estimates of the individual demand functions. 
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TABLE 5-14 
Static Aggregate Demand Function, Kenya, 1955-1976 


Model: Qe =a, + a,P, + aoY, + agi, + U, 


COEFFICIENTS 9 
Description ———_. i - R 
a ay ao 23 
Estimate -0.28 -0.12 0.34 Aca | 0.99 
PS. Et) 0.23 0.07 eke 0.30 - 
SL 0.25 0.07 0.01 0.00 0.00 
SOURCE: Author's Work. 
TABLE 5-15 
Per Capita Sugar Demand Function, Kenya, 1955-1976 
dss 
Model: Uae. + a7P, i oY + + aT + Up 
COEFFICIENTS 9 
Description —_—_— R 
ay ay a5 a3 
Specification 1: 
Estimate eby -0.08 O27 0.02 0.97 
(SES) 0.07 0.06 O.8 0.01 - 
SL 0.00 OstS 0.06 0.06 0.00 
Specification 2: 
Estimate 0.93 -0.08 0.29 0.97 
(Sb) 0.13 0.06 ett n/i - 
ik 0.00 0.18 0.02 0.00 


n/i = Variable Not Included in the Estimating Model 


SOURCE: Author's Work. 
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Table 5-15 indicates that the omission of T in the per capita 
model did not significantly influence the estimates. The deflation of 
quantity and income variables by te may have increased the degree of 
collinearity to some extent. In view of the suspected existence of some 
multicollinearity, and given the sample size, the obtained estimates of 
price coefficients at 15 and 18 percent significance levels for the two 
Specifications could be considered acceptable for further analytical 
evaluations. 

Another method that could be used in the estimation of a model 
in the presence of multicollinearity is to deflate every other variable 
in the model by a variable whose coefficient is of interest. In this 
case, the approach would be to use the price variable as a deflator, so 


that the per capita demand estimating model becomes: 


d 
d a y i U 
P| > ipo] +4) * ale + a5|Py tly eae 
t t t c 





Note that equation (5-10) is mathematically identical to equation (5-7) 
The intercept obtained for equation (5-10) is now seen to be the price 
coefficient. 

Since the term (a,/P.) in equation (5-10) is of little economic 
relevance, the actual model estimated in the study had this term omitted. 
Table 5-16 gives the estimate of this price-deflated per capita demand 
function for sugar. The deflation of the per capita demand model by 
price variable thus resulted in significant structural coefficients at 
the 5 percent level for all the variables in the model. Hence the results 


in Table 5-16 will be used in further analytical evaluations. 
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TABLE 5-16 


Price-Deflated Per Capita Sugar Demand 
Function for Kenya, 1955-1976 





d 
veto d a x 
odel: 5-| = Cc. +c, [po] +t cl5 |] + I 
—— Ex fe) ] P. al, P. 
COEFFICIENTS 9 
Description > R 
“0 my eo 
Estimate -0.65 ey 6.05 0.90 
fone.) 0.26 0.13 ete - 
SL 0.02 0.04 0.00 0.00 


SOURCE: Author's Work. 
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7 abe 


0.00 


The other type of demand system to be estimated was the state 


adjustment model (SAM), as specified in equations (5-8) and (5-9). 


Table 5-17 gives the estimate of the short-run state adjustment model. 


TABLE 5-17 
Per Capita Sugar Demand Function, Kenya, 1955-1976 
ew ey d 
ern Seite a es hat Aha y te 
(Short-run SAM) 


COEFFICIENTS 


A A A 


Description 
A A 3 4 


0 ] 2 


Estamaceuo0.07) OF76e01670. 0" -0.12%° -0302 0.98 
(S.E.) CeO Oe ites Cahir) tk O05 0.06 - 
SL eae iU UUme Ostaesboser 0:03 ) 0.76 0.00 


SOURCE: Author's Work. 
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The results from the estimate of the short-run state adjustment 
model suggest that short-term adjustments to price changes have been 
highly significant (i.e., significant at the 1 percent level). The 
estimate represents a good fit, the estimated structural coefficients 
being consistent in terms of expected signs. The statistically 
insignificant coefficients at the 10 percent level for lagged price 
variable and changes in income suggest three likely ramifications: 

(i) that the perverse incidence of multicollinearity, which had been 
shown to plague other models, was still affecting the estimates of the 
short-run SAM; (ii) that the degree of habit-formation, which constitutes 
the microfoundation of the state adjustment model, is not statistically 
Significant at the 10 percent level in the case of sugar; and (iii) the 
annual data used in the estimate may not be the appropriate type of data 
for short-run adjustment models in the case of sugar. 

Based on the results from partial correlations analysis for the 
determinants of the short-term adjustments in sugar consumption, multi- 
collinearity could be a problem (see Table 5-18). The high levels of 
partial correlation between the variables in the short-run SAM made the 
estimation of the linear model difficult. Since one cannot devise a 
method of estimation of the short-run SAM in the presence of multicollin- 
earity without changing the structure of the model, it was considered 
appropriate to leave the estimates as presented in Table 5-17. 

On empirical grounds, one could argue that the consumption of 
tea, with sugar as the sweetener, has become more widespread in average 
households in Kenya during the last decade and this could have influenced 


the degree of habit-formation in sugar consumption during the same period. 
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TABLE 5-18 


Partial Correlation Coefficients of the 
Variables of the State Adjustment Model 


at a1 Piel Pe el Yt 
at 1.00 
apts 0.96 1.00 
Bor 0.76 0.73 1.00 
P. 0.68 0.67 0.85 1.00 
ae 0.93 0.89 0.89 0.86 1.00 
Ye 0.71 0.65 0.79 0.74 0.77 1.00 


SOURCE: Author's Work. 


Hence the results obtained for the short-run SAM estimate cannot be 
justified on the grounds of a low degree of habit-formation for sugar 
consumption in Kenya. The third possibility that annual data are not 
appropriate in the analysis of short-term adjustments in sugar consumption 
could be the relevant explanation for the results obtained, especially 
if multicollinearity was not severe. If this were the case, then the 
estimate of the long-run SAM would likely give statistically significant 
structural coefficients at the 10 percent or even higher levels of 
significance. 

Table 5-19 gives the estimate of the long-run state adjustment 


model, as specified in equation (5-9). 
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TABLE 5-19 


Long-run Per Capita Sugar Demand 
Function, Kenya, 1955-1976 


Mo de] : at Crue yt anP, + U, 


(Long-run SAM) 


COEFFICIENTS 5 
Description ———__— R F 
ie + kp 
Estimate 0.93 0.29 -0.08 0.97 263.09 
(ees) OFS Gale 0.06 - - 
SL 0.00 0.02 0.18 0.00 0.00 


SOURCE: Author's Work. 


The results obtained from the estimate of the long-run SAM gave 
coefficients that were significant at higher levels than those for the 
short-run SAM estimate. The significance level for the price coefficient 
was still lower than 10 percent in the long-run estimate. These results 
suggest that multicollinearity was still affecting the estimates to some 
extent. The latter inference is based on the observed high partial 
correlation coefficient between P. and Yy (see Table 5-18). Hence the 
inference that annual data may not be the appropriate ones for the 
analysis of consumption of sugar using the state adjustment models still 
looks plausible. 

Given the size of the available sample and the possibility of the 
existence of multicollinearity, the results of the long-run SAM estimate 
(Table 5-19) are considered acceptable for further analytical applications. 
A further observation is the result that the long-run SAM estimate is the 


same as the static estimate of the classical demand-estimating model 
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(see Table 5-15). However, there is an inherent difference in the 
appreciation and interpretation of the results based on the two types of 
model, which is implicit in the derivation of the long-run SAM [see 


equations (4-22) through (4-24) ]. 


Some Concluding Remarks on the Results of Demand Analysis 


A number of model specifications and estimation methods were used 
in order to obtain a result that could be considered as adequately 
descriptive of the sugar consumption pattern in Kenya. The impetus of 
the analysis was borne out of the author's discontent with previous 
studies on sugar consumption in Kenya that have concluded that only a 
Simple trend model has been able to give a good fit to the consumption 
data: price coefficients in all such studies, and price and income 
coefficients in some studies, have been found to be statistically 
insignificant at acceptable levels of significance. Such conclusions 
contradict theory expectations and require further appraisals. 

This study has demonstrated that consumption of sugar in Kenya 
is sensitive to both price and income changes: some model specifications 
have given estimates of price coefficients that are statistically 
Significant at 10 percent or even higher levels of significance. The 
results also illustrate the importance of proper model specification and 
estimation methods: the results obtained in the previous studies are of 
doubtful reliability since no treatment of econometric problems appears 


to have been given. | 


Je xamp les of the previous studies on the sugar industry in Kenya can be 
found in the section on the review of literature in Chapter III. 
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Simultaneous Equations Modelling for the Sugar Industry 


The results presented and discussed in the preceding paragraphs, 
i.e., in Tables 5-6 through 5-19, are based on the assumption of 
recursively determined supply and demand functions. These results were 
obtained through the application of the Cochrane-Orcutt iterative 
technique before obtaining least square estimates wherever the tests of 
autocorrelation were positive. Basically, the generalized least squares 
estimation technique (GLS) was used in the estimation of the various 
models. The purpose of the ensuing analysis is the generation of 
estimates for supply and demand functions based on the assumption of 
Simultaneously determined equation models. The results of such estimates 
are then compared with those from recursively determined models. 

Under a general market equilibrium condition, supply and demand 
functions are said to be determined simultaneously. Alternatively, the 
observed market price is said to be determined simultaneously by the 
forces of supply and demand. Under such conditions, the instrumental 
variable technique (IVT) could be used to estimate the supply and demand 
functions without introducing the simultaneous equations bias in the 
estimates. Hence the IVT estimates of the sugar supply and demand 
functions in Kenya were obtained in order to facilitate market analysis 
under two different assumptions about the sugar price formation. 

Alternative assumptions about the sugar price formation in Kenya 
were examined in order to assess the role of the Government involvement 
in market regulation. The first alternative assumption was that the 
Government involvement in market regulation has had a statistically 
Significant impact on the market price for sugar in Kenya. The second 


alternative was that the Government involvement in sugar pricing could 
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be likened to the role of an auctioneer in price formation. If the 
first assumption were true, then the functions determined under the 
assumption that prices are predetermined (exogenous) would be significantly 
different from those determined under the assumption that prices are 
endogenous. If the first assumption were false, then the second 
assumption would be true. 

The following is the general specification of the simultaneous 
equations model of demand and supply of sugar in Kenya that was estimated: 


(i) Supply Function: 


(ii) Demand Function: 


QF = o(P,. Vas Nps T) 


(5-11) 


(iii) Market Equilibrium Condition: 
Spa hege= 
Qe Qe FQ 


where f and g denote the functional relationships and all the other 
notations are as used before. Variables Sy. Wye a Y, and Ny are 
predetermined so that the two functions are identified, i.e., they can 
be determined empirically. 

Table 5-20 gives the results of the estimate of the supply function, 
based on equation (i) of the model (5-11). These results show that the 
estimating model gave a good fit. However, the estimated coefficients are 
not significant at the 10 percent levels. This result can be attributed to 
the presence of some multicollinearity, as determined in earlier tests. 
Given the small sample size, one cannot devise means to overcome the problem 


of multicollinearity without sacrificing some information that is needed to 
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TABLE 5-20 
Sugar Supply Function, Kenya, 1955-1976 
Model: 50; sub, tsb 0) ot BoP) + bos, | + bal. + Ve 


(Simultaneous Equations Model) 





COEFFICIENTS 


oe fi 
Description R F 
bo b, b. b. Da 
Estimate OSs O.Soe etme cee 13 6-0. 06 0.99 332.05 
[SE .) O09 2. Oc Ge et 0.08 0.07 - - 
SL 0: Fi 360. Oteae te 0.11 0.36 0.00 0.00 





SOURCE: Author's Work. 


facilitate the application of the instrumental variable technique in the 
estimation of the model. Hence the price coefficients at the 11 and 12 
percent levels of significance are considered satisfactory for application 
in further analytical work. 

Table 5-21 gives the results of the estimate of the aggregate 
sugar demand function, based on equation (ii) of the simultaneous 
equations model (5-11). These results indicate that no significant 
difference was observed for the two specifications of the aggregate demand 
function. Hence P, will be assumed to be endogenous in all subsequent 
analyses, which is consistent with the theory. The results also indicate 
that the coefficient for T was not statistically significant at the 10 
percent level. Since partial correlation analysis had indicated that 
Nis Y, and T were highly collinear while the Farrar-Glauber tests had 


suggested that T could be a source of severe multicollinearity, the 
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TABLE 5-21 
Aggregate Sugar Demand Function, Kenya, 1955-1976 
ag ee 
Model: Qe Pia + a,P, He anY, + aN, + ayT a U, 


(Simultaneous Equations Model) 


COEFFICIENTS 
Description 
a on St a ay 
* 
Specification 1: 
Estimate -O749" ~-0, 260 and. 8.259 © —0-03 
CSHE .} ese O20Sera 0s 142.4¢0.75 0.02 
SL 0.28 Oc Peeeee do. 0805 Ona 
kk 
Specification 2: 
Estimate =Q236. -OsA0e@ 02598.7 71.42 o-0:02 
(SE) 0.36 Ol 07am, 02 18 0.74 0.02 
=u 0-35 OF le 000 0207 0235 


*Specification 1 assumed P. to be ENDOGENOUS. 
**Specification 2 assumed P. to be EXOGENOUS. 


SOURCE: Author's Work. 
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0.00 


Oe39 
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486.96 
0.00 


503.64 
0.00 


observed statistical insignificance for the coefficient of variable T 


even at levels of significance as low as 10 percent can be attributed to 


the existence of some multicollinearity. This problem could probably be 


reduced or overcome through the estimation of a per capita demand 


function. If this were the case, one would expect the estimate of the 


per capita demand function to give statistically significant structural 


coefficients at either 10 percent or higher levels of significance. 


Table 5-22 gives the IVT estimate of the per capita sugar demand 


function. 
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TABLE 5-22 
Per Capita Sugar Demand Function, Kenya, 1955-1976 
a 
Model: eo + a,P. + any, + aT a U, 


(Simultaneous Equations Model) 


eee a 8) eevee et et | oe eee 
COEFFICIENTS 


Description TT R F 


Specification 1: 


Estimate 0.56 -0.14 0.45 0.01 0.97 191.39 
(S.E.) 0.05 0.07 0.16 0.01 - - 
SL 0.00 0.05 0.01 0.20 0.00 0.00 
Specification 2: 
Estimate 0.58 -0.17 0.60 0.96 242.32 
bss io) 0.05 0.07 0.1) n/i - ~ 
SL 0.00 0.02 0.00 0.00 0.00 


n/i = Variable Not Included in the Estimating Model. 
SOURCE: Author's Work. 


The omission of T from the estimating model (given as Specification 


2 in Table 5-22) resulted in some minor improvements in the Significance 
levels of the estimated structural coefficients for the included 
explanatory variables. However, this omission resulted in the loss of 

one percentage point for the R-squared value of the model estimate. Since 
the gains from the omission of T are small, one may wish to retain T in 
the estimating model in order to (i) account for the minor qualitative 
changes not accountable for in the other variables and thus improve on the 
value of the R-squared, and (ii) preserve the dynamic structure of the 
classical demand-estimating model [as proposed in equations (5-6) and 


(5-7)]. 
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Some Concluding Remarks on the Simultaneous Equations Modelling 


For purposes of comparison, the results of the estimates of 
recursive systems of models given in Tables 5-8, 5-12 and 5-15 are 
correspondent to the results of the estimates of simultaneous equations 
models given in Tables 5-20, 5-21 and 5-22 respectively. Estimation of 
models of supply and demand within a simultaneous equations system is 
expected to eliminate some bias from the estimates through the application 
of instrumental variable estimation technique (IVT). This technique 
appears to give more efficient estimates and also facilitate model 
estimation in the presence of multicollinearity. This inference is based 
on (i) the ease with which the estimates of the conventional models of 
supply and demand analysis were obtained when the IVT method was used, 
and (ii) the higher significance levels for virtually all the estimators 
based on IVT estimates when compared with the results based on recursive 
equation models. 

In empirical analysis, one cannot always specify simultaneous 
equations models and obtain data for the estimation of such models. 

From the comparison of the results, one can conclude that the estimation 
of simultaneous equations models is likely to yield more reliable 
estimates through the elimination of simultaneous equations bias by the 
application of the IVT estimation method. Therefore, one should apply 


this approach in empirical studies whenever possible. 


Calculation of Elasticities 

The results of the estimate of cane and sugar supply functions 
suggested that the value for the adjustment parameter is close to unity. 
Hence the values of the calculated short-run and long-run supply 


elasticities would be very close. This statement explains why no 
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differentiation is made between short-run and long-run supply elasticities 
in the subsequent discussions. 

An examination of what happens to the values of elasticities of 
supply and demand during the periods of low and high general levels of 
the economic variables, | such as price or income levels, was proposed as 
a central objective of the analysis of elasticities. A corollary to 
this objective was the ascertainment of the influence of time on such 
elasticity values. Answers to the stated objective would be easy to 
obtain if large samples of time series observations on the relevant 
economic variables were available. The sample of 22 observations of 
time series data that was available for this study can be considered as 
relatively small if the sample were to be used in an analysis to ascertain 
the influence of time and the general levels of economic variables on the 
calculated elasticities. However, a method to generate some answers to 
the stated objectives while making use of the available data was devised 
for this study. 

The proposed approach to the analysis in order to ascertain the 
influence of time and the general level of the economic variables on 
elasticity measures was to apply the statistical concepts of means and 
standard errors in the assessment and evaluation of the analytic results. 
This technique will be discussed in the ensuing few paragraphs. 

Calculations of elasticities from the estimates of general linear 
regression models are obtained by multiplying the estimates of structural 


coefficients by the appropriate quotients of the average values of the 


‘The terms "general level of a given variable" will be used to refer to 
the average level of the given variable for a specified time period. 
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relevant independent variables and the dependent variables. Hence, 1s 
one wishes to calculate the price elasticity (n,) when 8 is the estimate 
of the coefficient for price and P, Q are the average values for price 


and quantity variables respectively, then one uses the relationship: 


ny = 8(P/Q) (5-12) 
In this general case, Np could be the price elasticity of either supply 
or demand, depending on what is under investigation. 

The general method of calculating elasticities from the estimates 
of regression models, as described by equation (5-12) was adapted and 
modified to give estimates of elasticities at low, medium and high 


general levels by incorporating the standard errors in the estimates so 


that the general estimating relationship is: 


sny = pr PeeaSE(p) Vi felOeee SEC) 4 (5-13) 


where Sh is now interpreted as the range for the calculated price 
elasticity, thus reflecting the confidence interval, and SE(p), SE(q) are 
the standard errors of P and Q respectively. 

The relationship developed in equation (5-13) can now be used to 
generate three measures of price elasticity at low, medium and high 
general price levels as follows: 

(i) Elasticity at low general price level: 


nee BEPe-mcetoin/ L0.+ SE(q) ] (5-14) 


(ii) Elasticity at medium general price level: 


A 


mm, = BLP/Q] (5-15) 


(iii) Elasticity at high general price level: 
hn, = BLP + SE(p)] / [Q - SE(q)] (5-16) 
















t =o i 
iiev Jusepaqeh a6. bre aeTdstev4 rnébaaqaby a hal sion 


oq 
‘ f bat j P 4 Fi 
i wMtaetesls esivg ot esate 
save St wic 1 24 bas asia ae 
: A Atcerit ¥ iy 7902 e@4 
(OVA 
=~ 
4 ra24a1 it 1 (Me P% 
7 > 
a 4 ¢ a : ~ on ar 
- he — és ii Poeg Ve ! 
re b e “ott ’ i 
Ww Els e- pod Fes 26 h' ae sfs how notzesnbey 9 
i ¢ ui £8! esitictseaia Yo eavemttes evio or h * Tt Tos 
a Hiabosle off ponltaron it xa zlevel [avon 
- = 2F Qi ; ioriat Ore ant "43 [nvehep_ oq nee 
a d ° 7 ——, 
D Bee oa ti 13> « All ie 
: 9) 32 +414 * ae 2a 
ve i. tae. 
= sy wld 24 BESSY prarnt wor! ate bie. 


~ 
= 


ie « Lwyarot saves t*05.6d0 ents after. dunt vonsisas 


vimi2uegess. 0 bys 4209 rots base a 
1 ) (Eine) eben al-5 fa! rae ginlenn elon me 
pr wa e 4 ‘4 ‘Cae solne v “eewasam -“— 


- ho tee 


; -ewo!t Bes) elvelt 


jewel saing! tisvenne vo) re tthe 7 aie: 


(al=é@ ry ae +5 
é) Jeme+ 8 a 





: i) aves soing Livers neo mutvan ip PRFad 


- : ye a Dt ‘— 
0 ne > 
o os dal jtotyesta 
: 7 ve 


‘a * ik a 






The relationships described in equations (5-12) through (5-16) are 
specified relative to price elasticity measurements. However, the 
general approach can be applied in the analysis of other measures of 
elasticities, such as income and cross-price elasticities provided that 
appropriate interpretations based on theory are made. An assessment of 
the four equations indicates that equation (5-15) gives the relation that 
is commonly used in empirical analysis, but there is no theoretical 
justification for not using the other relations. 

The objective of the analysis here was to generate average values 
of elasticities that reflect the range of elasticities during the 
transition from low to high general levels of the economic variables. 
This objective can be accomplished in two steps. First, the three 
measures of elasticities defined in equations (5-14), (5-15) and (5-16) 
are calculated. Secondly, a mean for the three measures of elasticity 
is calculated. This mean elasticity measure is seen to be slightly 
different from the conventional elasticity measure given by equation 


(5-15) since the former mean is given by the relationship: 
a = + + = 
My [In, mn, hn J /3 (5-17) 


where My is the mean elasticity for the three Sub-periods as described 
in the three equations above. 

Table 5-23 gives the estimates of the mean elasticities of Supply 
based on the analytic techniques described in equations (5-12) through 
(5-17) above. 

The calculated mean elasticity measures indicate that the 
production of cane has been more responsive to price changes than the 
production and supply of sugar has been. These observations could be 


justified on the grounds that there is more competition from alternative 
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TABLE 5-23 


Mean Elasticities of Supply for Sugar in Kenya 
Based on Values at Different General Price Levels 


Product Types of Model* Calculated Elasticity 


Own-Price Cross-Price 
I: CANE? Recursive, Lagged (NAH) 1.00 n/a 
II: SUGAR: 
A: Recursive: 
(i) Weighted Prices 0.07 -0.05 
(17) DSAM 0.19 -0.10 
Deron? 
Lagged (NAH) 0.32 -0.18 


* 

(1) The types of models used in the analysis included the lagged type 
of model that is specified in accordance with the Nerlovian 
Adjustment Hypothesis (NAH), the weighted prices model, and the 
dynamic adjustment type of model (DSAM). The models were either 
determined as recursive systems, or as equations within 
simultaneous equations models (SEM). 


(2) n/a = Not Available, since estimation was not possible, primarily 
due to the incidence of severe multicollinearity, which generally 
limited the choice of model specifications. 


SOURCE: Author's Work. 


enterprises at the cane production level than at the sugar processing 

and supply levels. The observed large standard errors for the calculated 
mean elasticities suggest that supply is likely to become more price 
elastic at high levels of the general price and vice versa. The results 
also suggest that own-price |! elasticities could become negative at very 


low general price levels: this result is conceivable when the general 


'The term "own-price" is often used to refer to the price of the commodity 
under investigation: the term helps one to distinguish between price 
elasticity (i.e., own-price elasticity) and cross-price elasticity in a 
general discussion of elasticities. 
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price level of the alternative enterprises is relatively higher than the 
own-price level. The low level of price elasticity of supply may be an 
indication of the possibility that costs of sugar production have been 
rising rapidly as the output level has increased over the last two 
decades. 

The presence of multicollinearity necessitated the use of various 
specifications in order to get a working estimating model. Since the 
results of the estimates of a supply function are sensitive to the types 
of models used, comparisons of the parameter estimates that are associated 
with different types of model specification are difficult. From the 
theory and the general assumptions made in the specifications of the 
models, (i) the lagged prices model (LPM) is basically a stock adjustment 
model; (ii) the weighted prices model (WPM) is based on a mixture of 
stock adjustment and adaptive expectations assumptions; and (iii) the 
dynamic supply adjustment model (DSAM) is primarily an adaptive expect- 
ations model with some features of the stock adjustment hypothesis. 
However, all the models were specified on the basis of the Nerlovian 
adjustment hypothesis: they yielded statistically significant adjustment 
parameters at 10 percent or higher levels of significance. The results 
of the estimates of the various models gave low mean elasticity measures. 
The average | values adopted for further analytical work are: 

(a) Average Price Elasticity of Supply of Cane = 1.00 

(b) Average Price Elasticity of Supply of Sugar = 0.19 

(c) Average Cross-Elasticity of Supply of Sugar (with 


respect to price index for competitive produce) = -0.11 





‘This average is based on the mean elasticity measures presented in 
Table 5-23. 
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Assuming that the simultaneous equations model estimates give 
the parameter when the economic agents (producers and consumers) are 
behaving optimally, a comparison of the calculated elasticities based on 
recursive and simultaneous equations models suggests that elasticities 
are relatively higher when the economic agents are behaving optimally. 
The simultaneous equations model estimate gives a price elasticity of 
supply that is about 50 percent greater than the calculated price 
elasticity of supply based on recursive models. 

Table 5-24 gives the mean elasticities of demand. The calculations 
were carried out in accordance with the technique proposed in equations 


(5-12) through (5-17). 


TABLE 5-24 


Mean Elasticities of Demand for Sugar 
in Kenya, Based on Values at Different 
General Levels of the Economic Variables 





Type of Model* Calculated Elasticity 








Own-Price Income 
A: Recursive Models: 
(i) Aggregate, CDM (NTD) 0.20 0.44 
(i7) Individual, P-D, CDM (TD) 0.36 G.30 
(i171) Individual, SAM (NTD) On URS 
Bt, OEM: 
(1) Individual, CDM (TD) 0.19 0.43 
(ii) Individual, CDM (NTD) 0.27 0.65 
Averages for Further Analytical Work ez? 0.44 





*Both recursive models and simultaneous equations model (SEM) were 
estimated; CDM refers to the Classic Demand Model while SAM refers to 
State Adjustment Model. P-D implies that the variables of the model 
were deflated by the price variable, while the bracket (TD) or (NTD) 
indicates whether the estimated model is time-dependent (TD) or not 
time-dependent (NTD), depending on whether the trend variable was 
included or not included in the estimating model. 


SOURCE: Author's Work. 
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Comparable estimates of the demand function indicate that the 
inclusion of the trend variable in the estimating model had some effect 
on the magnitude of the structural coefficients. This comparison was, 
however, possible only in the case of the simultaneous equations model 
estimates. In the other cases, the specifications of the models are not 
comparable. The high value of the estimate of the price elasticity in the 
case of the price-deflated individual demand model is suspected to be 
biased upwards owing to the interaction of the price coefficient and the 
usual intercept term. Taking into account the econometric problems 
experienced and the differences in model specifications, the estimates of 
the sugar demand elasticities can be said to be within a comparable range. 
The low values of the demand elasticities may be a result of lack of close 
substitutes for sugar and an inherently unstable economy whereby prices of 
all commodities have been changing relatively faster than changes in 
disposable income. Given the low demand elasticities, a pricing policy 
cannot be expected to be very effective in terms of curbing the sugar 
demand at a high rate. 

As in the case of the estimates of price elasticity of supply, 
the standard error for the calculated price elasticity of demand is 
relatively high. This result is consistent with the hypothesis that 
elasticities will be relatively high at high general levels of the 
commodity prices and vice versa. The inclusion of the time variable in 
the estimating model appears to moderate this effect, thus giving 
slightly lower estimates of elasticities for the time dependent models 
relative to those for the nontime-dependent models of comparable speci- 
fication. The results also suggest that the elasticities will generally 


be higher if the economic agents (consumers and producers) are behaving 
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optimally (cf. recursive and SEM estimates). 


Implications of the Levels of the Calculated Elasticities 


Elasticities give the degree of responsiveness of specified 
variables to changes in the levels of the factors that influence the given 
variables. Therefore, the levels of calculated elasticities have some 
important implications on future developments in the values of the variables 
they describe. The implied low, medium and high levels of the calculated 
elasticities that are presented in Tables 5-23 and 5-24 will be used in 
the projections of production and consumption of sugar in Kenya during 
the next two decades under alternative assumptions for the growth in the 
levels of prices and other major factors that influence the levels of 
supply and demand for agricultural products. 

For both supply and demand, the medium level of calculated 
elasticities leads to the assumption of moderate growth rates. For 
production, the high level of calculated price elasticity of supply leads 
to the assumption of high growth rate; conversely, the low level of 
calculated price elasticity of supply leads to the assumption of low 
growth rate. For consumption, the low level of calculated price 
elasticity of demand leads to the assumption of high growth rate; 
conversely, the high level of calculated price elasticity of demand leads 
to the assumption of low growth rate. Similarly, the effects of the levels 
of relevant cross-price elasticities and income elasticities on the 
relevant growth rate assumptions can be deduced from theory expectations. 
Projections of production and consumption of sugar in Kenya, based on 


alternative growth rate assumptions are presented in Tables 5-26 and 5-2/7. 
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Estimation of Rates of Growth 
Growth rate coefficients are useful when predicting future values 
for the relevant variables. A number of approaches could be taken when 
estimating the rates of growth for a given set of variables. The 
proposal here is to estimate the rates of growth for selected variables 
that are of interest to the sugar industry using two alternative methods. 
The first approach is to use the discounting/compounding 
technique. Given xy = the initial value of the variable X, and x, = the 
last observed value of variable X, where the period between the observ- 
ation xe and Xn is N years, then the annual growth rate coefficient r for 
X is given by: 
yN 


Xj + j= ~%, (5-18) 


n 
The value for r is obtained from equation (5-18) through the usual 
mathematical computations. 

The second approach is to use an econometric method in the 
determination of the growth rate coefficients. If time series 
observations on the values of a variable X are available, the basic 
estimating model for the growth rate coefficient for X can be specified 
as: 


Tee at tle ys, ton tes es Ni (5-19) 


t ee 
where x, is the observed value of X at time t, T= 1, ..., n is the time 
trend variable, ey is the stochastic variable, and a, b are the underlying 
structural coefficients of the model. From the theory, b is the time 
derivative for X, 7.e.: 


meu) 


ead? 


(5-20-1) 
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The growth rate coefficient r for the variable X is obtained from 
equation (5-20-1) by expressing b in terms of proportionate rates of 
change, so that the estimating relationship is: 


ee leendh sb. 
Lea Yedy> =~ --% 


(5-20-2) 
A further relationship that could facilitate in-depth analysis of 

expected changes in the values of a set of given variables is what will 

be referred to as growth rate elasticity. This concept can be useful when 

assessing how the observed growth rates are likely to behave over time. 

The growth rate elasticity Jo is calculated by multiplying r, the growth 


rate coefficient, by the average amount of time involved in the observation 


of X values, so that: 


Jo = Yar = Py (5-21) 

The econometric approach to determination of growth rate 
coefficients is considered superior to the discounting/compounding 
approach on the grounds that the results of the former approach are 
easily rendered to statistical tests of significance. Further, the 
econometric approach facilitates estimation of growth rate elasticities 
and the calculation of the standard errors associated with the growth 
rate estimates. However, results based on both approaches will be 
obtained and compared. 

Table 5-25 presents for a selected number of variables the 


estimates of growth rates and associated standard errors and growth 


elasticities based on the proposed two methods of estimation. 
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TABLE 5-25 
Estimates of Growth Rates and Associated 


Standard Errors and Growth Elasticities 
for Selected Variables in Kenya, 1955-1976 


**xEstimated Percentage 


Associated 
Selected Variable __Annual Growth Rate_ ar eat aca eat nc 
E/M Method D/C Method Elasticity roan 
1. Cane Production i tar 9.9 0.81 10 
2. Cane Producer Price 6.3 y pa O51 23 
3. Sugar Production 11.0 PG Laas 10 
4. Sugar Consumption: 
(i) Total 6.7 lie ATA 6 
(ii) Per Capita aoe 320 0.37 7 
5. Retail Sugar Price oa) obi 0.58 22 
6. Maize Producer Price LG 238 0.18 56 
Consumer Price Index: 
(i) Composite £9 sgh 0.33 14 
(ii) Foods only 2.8 id O53 15 
8. Population 320 3.0 0.42 ‘ 
Disposable Income: 
(i) Total gh Sei 1.09 1] 
(ii) Per Capita 6. 5.9 0.70 11 
10. World Sugar Price*** 2 reo 1.06 33 


**The two alternative methods of estimation used are: 
(1) D/C for the Discounting/Compounding Method; 
(ii) E/M for the Econometric Method. 


**kThe estimates related to the world market for sugar are introduced to 
facilitate comparison. 


SOURCE: Author's Work. 


The results presented in Table 5-25 show that the discounting/ 
compounding technique and econometric method for estimating growth rates 
will yield relatively comparable estimates. The estimates will be closer 
if the variable concerned has not fluctuated much during the observation 


period (see the associated standard errors and the estimated growth rates). 
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The following are the main observations that are made from the results 
of Table 5-25: 

1. Cane production has grown at a slightly lower rate than that 
for sugar production during the sample period. Since cane is the raw 
material for sugar production, one would expect the growth rates for cane 
and sugar production to be comparable. Any minor differences in the two 
rates of growth could be attributed to technological improvements that 
may lead to recovery of higher amounts of sugar from a given quantity of 
cane; 

2. Both cane and sugar production exhibit relatively higher 
growth rates than those for the corresponding cane and sugar prices. 

This result suggests that changes in cane and sugar prices have had an 
impact in raising the levels of cane and sugar production; 

3. Total sugar consumption has experienced a high rate of growth 
relative to growth in the retail price of sugar. The consumption level 
appears to have kept pace with growths in population and income, as the 
relevant growth rate coefficients suggest; 

4. Sugar production exhibits a higher rate of growth than that 
for consumption so that the failure of the sugar industry to achieve the 
policy goal of a self-sufficiency status 15 years after the initiation 
of the policy can be attributed to the initial low and high production 
and consumption levels respectively; 

5. Relative to the overall rate of inflation in Kenya, cane and 
Sugar prices can be said to have grown fairly rapidly during the sample 
period. 

An examination of the associated growth rate elasticities and 


standard errors which are presented in Table 5-25 indicates that prices 
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have fluctuated more than any other variables during the sample period. 
The results also suggest that the world market sugar price has had the 
highest degree of fluctuation. Maize price was hypothesized to have some 
influence on the cane production levels. This price is seen to have 
fluctuated more than the price of cane during the same period, but the 
price of cane is seen to have grown faster relative to the maize price. 
Given these interactions, the actual effect of the changes in the cane 
and maize prices may be said to depend on the initial levels of these 
prices. 

A final comment on the methods of estimating growth rates is 
worth making: the estimates can be expected to be sensitive to the method 
used. If the difference between the initial and final value of the 
variable under investigation is low while the variable is known to have 
fluctuated wildly during the intervening period, then the discounting/ 
compounding method would give biased estimates. The same result would 
hold if the difference between initial and final observations is very 
high while the variable is known to have remained relatively stable during 
the intervening period. From this point of view, the econometric method 
would give more reliable estimates. 

The assumption that the coefficient of the time trend factor is 
the only determinant of the growth rate coefficient is an oversimplifi- 
cation. A more realistic approach would be to incorporate the influence 
of other variables that influence the levels of the variable under 
investigation in the growth-rate estimating model. This proposition will 
be applied in the section on projections of quantities supplied and 


demanded during the next decade [see equations (5-22) and (5-23)]. 
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Projection of Domestic Production and Consumption of Sugar in Kenya 


Projections give estimates of future values for a given set of 
variables and can thus be useful as guidelines for future planning. The 
purpose of the analysis here is primarily to generate information that 
can be used in the assessment of the self-sufficiency policy for sugar 
production in Kenya. 

Most studies concerned with projections or forecasting assume 


constancy in structural variables of the model and in the policy or 


political environment. | The assumption of constant policy may be feasible 


for domestic-related projections. However, the assumption of constant 
structural variables for analytical models need some modifications in 
order to improve the reliability of the estimates that are based on such 
models, especially if long periods of projections are involved. In this 
analysis, direct incorporation of the time influence in the prediction 
models is proposed as a means to allow structural growth in the variables 


that influence the dependent variables. 


The proposed method of projections in this study is a combination 


of econometric methods and mathematical analysis. The dependent variable 
is assumed to grow exponentially so that the elasticities of the 
independent variables with respect to the dependent variable and the 
growth rate coefficients of these variables are incorporated in the 
projections model. The result is a dynamic model whose general structure 


can be specified in two steps: if Q is the variable whose values are to 


'o6e, for example, J.J. Richter, "International Trade Models and Product 
Studies as a Base for Worldwide Decision-Making in Agriculture," In 
Decision-Making and Agriculture (IAAE Conference Proceedings, 1976); and 


FAO, Agricultural Commodities: Projections for 1975 and 1985, Vol. I and 
II (FAO, Rome, 1967). 


209 


iy; 
\ 


Oy? 























So: ' - ai jaa igi? & Pt 25 oars > fibelna woinetoaatae 


atk 


me 
st Willy) to zeafuntres vis enn so ao 


Yt vy, abice 24 1 ae pei eitay 


ivy oF ¥ son < fevi ‘NS oft +0 = s20Fug 


<n 


oy YReretPtye-*! ae or One? eee: aT oni lie 


aggre EE» 


7 . i 
hawapnos esthude Jag <-F 


oy a 

istaay one at (ORBSZRE 

. (ae ee —— i iomaypeon Git tas 2 5: fs LeMPa 
2240] viet 0 00! JUSS STs Asn wie vite of Pi 


» pee Ie 
witewite Si, .wevew ail nulsjoeiuwd’ bats) iH. otis 


4 
: af. Po 
& en The a Ce - a ae 
Jag we) 2ei¢sinoy Terusoie 
. ® /-_ 7 


er i 7 = ai ale 

io i) zagetos en vel iget oes ef avevaat of FH 

— ; - ~- — i p 

vis ig werlineton 15 shetedih piel UE yA shasaes ate 
: ; 7 7 


> antSen ayrosn] t)scth ree 


g * - 
: oe i bg si ake 
4 ’ 57 wool e gt eae. s+ 26 baron pl 74 OF 
. ~~ ~~ © ss € 


so dail Snsbnsqeh aft onau ir 3 
i 


Ear ioetog So bodteibecngorg: oti 

i . ‘ ; qe 

f Zz > { ad \ P > a : adi ened! an bro abotven pterts 
‘ © Pele , ve fs en te ota 

‘ b ,a ~ i« le b ® inet nee be ~ hea: 


7 Z ee 
i » a . sa 


be projected and X Xn ers x, are the independent variables that 
influence the values for Q, then: 


(i) annual changes in the value of Q are given by: 





dX dX dX 
dQ _ ] 2 n 
Ci eX eee Cn dT (5-22) 
(ii) level of Q by the end of a given year is: 
, dQ 


where Q. and Qe +] are the respective values of Q at the start and end of 
the given year, and Se are the respective elasticities of 


Xa Xs Res x, with respect to Q. Further, an expression such as dQ/QdT 


or dX. /X-dT is the growth rate coefficient for Q or Xe: such a coefficient 


is called the rate of inflation if the variable were the general price 


level in the economy. The general predictions method defined by equations 


(5-22) and (5-23) is similar to the method that has been used by FAQ in 
the projection of demand for agricultural products. ! 

For the general specification of the model, Q could be any 
variable that is of interest to the analyst. There are two possible 
approaches to the determination of future values of Q using the method 
proposed in equations (5-22) and (5-23). The first approach is to 
determine the value of dQ/QdT by econometric methods. In this case, the 
proportionate annual changes in Q are regressed on the proportionate 
annual changes in x. (for i = 1, 2, ..., n) in order to generate an 


estimate for dQ/QdT that can then be applied in equation (5-23). This 


‘cee, for instance, FAO, "Agricultural Commodity Projections for 1970," 
in Commodity Review: Special Supplement (FAO, Rome, 1962); and FAO, 


Agricultural Commodity Projections, 1970-1980, Vol. I and II (FAO, Rome, 
1971). 
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approach generates Q]> Ons +++ Gy aS the estimates of the structural 
coefficients of the econometric model specified by equation (5-22). The 
second approach is to use the compounding technique so that dQ/QdT is 
approximated by the value of the compounding factor. 

The first approach is preferred for this study since it 
incorporates changes in the values of independent variables in the 
projections model and the results can be subjected to statistical tests 
of significance. Table 5-26 gives the results of the projection of 
domestic production and consumption of sugar in Kenya. 

Taking into account the premise under which projections of 
agricultural products are made, the projections for consumption are more 
likely to be realized. The same statement could not be made for the 
projections of production with the same degree of confidence. Increased 
production can be expected primarily through bringing of new land into 
cultivation, yet this option is not always feasible. Hence the 
sustenance of past growth rates is more difficult in the case of 
production, and the actual production levels in the future may fall 
short of the projected levels. Consequently, the projected percentage 
self-sufficiency levels are likely to overstate the true situation. | 

The projections of domestic production and consumption of sugar 
in Kenya indicate that the country could become self-sufficient in sugar 


by the end of 1987 if the previous average levels of the general 


economic conditions can be sustained. The growth rate coefficients used 


in the projections were obtained through the application of the techniques 


] 
domestic production to total domestic consumption (see Table 5-26). 


The self-sufficiency level was assessed by an index of the ratio of total 
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TABLE 5-26 


Projections of Domestic Production and Consumption 
of Sugar in Kenya, 1976-1990; 2000 


[Thousand Metric Tons ] 





Production Consumption Percentage 
Year (growth rate (growth rate Self-Sufficiency 

= 0.1032) = 0.0769) Index 
1976 190 248 76.6 
1977 210 267 78:07 
1978 an 288 80.2 
1979 295 310 82.3 
1980 281 334 84.1] 
1981 310 359 86.4 
1982 343 387 88.6 
1983 378 417 90.6 
1984 417 449 92.9 
1985 460 483 05.2 
1986 507 520 97.5 
1987 560 560 100.0 
1988 617 603 Tez. 3 
1989 681 650 104.8 
1990 75 700 10723 
* x * * 
2000 2007 1468 136.7 
ie * * * 


a _nrTEETEIETEIEE TEESE EEEEEEEDEREEEEEEEEEEEEESEEEEEEEEEEEEEE EERE 


*Projections for year 2000 are added to assess the situation one decade 
after 1990. All quantities are rounded off to the nearest thousand 
metric tons. 


SOURCE: Author's Work. 
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proposed in equations (5-22) and (5-23), and are found to be slightly 
different from those obtained through simple disounting/compounding and 
trend-based econometric methods (cf: results in Table 5-25). 

On a priori grounds, one could argue that future sugar production 
cannot be expected to grow at a rate higher than or comparable to that 
experienced in the last decade. The relatively fast growth rate in 
production in the past can be attributed primarily to opening of new areas 
for cane production and establishment of sugar mills in such new areas, 
although some improvements in technology could account for part of the 
growth. Given the increasing land pressure in the cane-producing zones, 
primarily due to population growth, and taking into account the 
limitations of arable land that could be brought into cane cultivation, 
one may conclude that the level of growth in sugar production that was 
experienced in the 1970s is unlikely to be sustained during the 1980s. 
Hence the recommendation that Kenya will be self-sufficient in sugar by 
1981, if the proposals to rehabilitate and expand existing sugar schemes 
are implemented by 1980, would appear to be over-optimistic.| However, 
conditions for increased production at higher economic and social costs 


may exist.° 


‘The recommendations are based on feasibility studies done by Government 


Consultants and are quoted in Ministry of Agriculture, "Projections on 
White Sugar Consumption in Kenya to 1990: Their Reconciliations with 
Sugar Production and Policy Implications" (unpublished Paper, Ministry 
of Agriculture, Nairobi, Kenya, 1977). 


2p rojections require frequent updating, depending on current information. 
The opening of the sugar schemes at Nzoia (Western Province) and Awendo 
(South Nyanza Province) may drastically affect the outlook. 
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Parametric Analysis of Production and Consumption of Sugar 


An argument that projections are more likely to be realized in 
the case of consumption rather than production has been advanced in a 
previous paragraph. The analysis based on the assumption of moderate 
growth rates indicates that Kenya could attain self-sufficiency in sugar 
by the end of 1987; this result contradicts a recommendation based on 
some feasibility.studies. A more realistic approach to the projections 
would be to establish the lower and upper limits for the projected 
variables, and this is the essence of parametization in this section. 

Parametric analysis can facilitate the establishment of the 
shortest and the longest times possible for the achievement of a stated 
objective. The analysis involves the application of the standard errors 
of the means for the relevant variables under study. The shortest time 
possible during which Kenya could achieve the self-sufficiency status 
in sugar can be obtained by carrying out projections under the assumptions 
of high growth rate in production and low growth rate in consumption. 
Conversely, the longest possible time during which self-sufficiency 
could be achieved would be obtained by carrying out the projections under 
the assumptions of low growth rate in production and high growth rate in 
consumption. All projections are based on the assumption that past and 
prevailing economic conditions would persist in the future. Hence the 
standard errors of the means can be added or subtracted from the relevant 
means to give high or low values of the relevant variables. 

The average growth rate for sugar production was calculated to 
be 10.32 percent per annum, this value being associated with a standard 
error of the magnitude of about 10 percent. The growth rate for sugar 


consumption was similarly calculated to be 7.69 percent per annum, the 
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value being associated with a standard error of the magnitude of about 
7 percent. Based on these values, the high and low growth rates for 
sugar production would be 11.35 and 9.29 percent per annum respectively. 
Similarly, the high and low growth rates for sugar consumption would be 
8.23 and 7.15 percent per annum respectively. 

Under the assumptions of high growth for production and slow 
growth for consumption, Kenya could become self-sufficient in sugar by 
the end of 7 years effective 1976. Under the assumption of slow growth 
for production and high growth for consumption, the country would become 
self-sufficient in sugar by the end of 27 years effective 1976. As 
already observed in Table 5-26, the country is expected to become self- 
sufficient in sugar by the end of 11 years, effective 1976, under the 
assumption of moderate growth rates. Table 5-27 gives a summary of 
expected dates for Kenya to become self-sufficient in sugar under 


alternative growth rate assumptions. 


TABLE 5-27 


Expected Dates for Kenya to Become Self-Sufficient 
in Sugar Under Alternative Growth Rate Assumptions 


[Projections Base Year = 1976] 


0I<I(<(21I42zY2IIIEEI™OOOEEE—E———E——E—SE———E— aa 


Expected Dates for Attaining 
Self-Sufficiency Status (Year) 
Ee ee Ee ae ee ere Smee © ee ee 
1. Slow Growth in Production 

and Fast Growth in Consumption 2003 


Assumptions 


2. Moderate (Average) Growths 
in Both Production and Consumption 1987 


3. Fast Growth in Production and 
Slow Growth in Consumption 1983 


ec 


SOURCE: Author's Work. 
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On empirical grounds, higher growth rates in production and slower 
growth rates in consumption than the ones embraced in the three 
assumptions of Table 5-27 are unlikely to be achieved: the calculated 
price elasticities of supply and demand and the income elasticity of 
demand were shown to be low, which suggests that a pricing policy cannot 
significantly alter the general trend. Hence the Government feasibility 
studies that predict the attainment of a self-sufficiency status for 
Sugar before 1983 would still appear to be over-optimistic, as the results 
based on Assumption 3 in Table 5-27 would indicate. 

Following the conventional use of arithmetic means in the 
assessment of results, 1987 can be taken as the most likely early date 
for the attainment of self-sufficiency in sugar production in Kenya. The 
projected results show that Kenya could have 2.3 percent of its 
domestically produced sugar available for export, or storage as stocks, 
by the end of 1988. This percentage of exportable surplus of sugar 
would rise to 4.8 by 1989 and to 7.3 by 1990. A long-term forecast would 
indicate that the percentage of exportable sugar surplus would be 36.7 


by the year 2000 (see Table 5-26). 


Hypothesis Testing and Other Evaluations 


This section examines the major hypotheses that were to be tested 
and presents some further evaluations of the analytic results. The major 
hypotheses to be tested were formulated relative to the sugar industry in 
Kenya. Further evaluations relate to the performance of the sugar 
industry. 

The following hypotheses are accepted on the grounds that the 
relevant structural coefficients were found to be statistically significant 


at 10 percent or higher levels of significance: 
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(i) Domestic production of cane and the supply of sugar are 
influenced by the general cane and sugar price levels; 

(ii) Domestic production of cane and sugar is adversely affected 
by the general price level for competitive enterprises, the major variable 
here being the price of maize; 

(iii) Domestic demand for sugar is determined by the general level 
of sugar price and the national disposable income; 

(iv) Domestic price for sugar is correlated to the world market 
price for sugar; 

(v) The degree of adjustment of domestic cane and sugar 
production following changes in the cane and sugar prices has been 
statistically significant. 

The other major hypotheses to be tested had to do with the testing 
of the effectiveness of the Government sugar policy and the determination 
of the time when the country could be expected to achieve the self- 
sufficiency status in sugar. There may be no one easy way of testing 
whether a given program has been effective, unless it has achieved its 
objectives fully. The objective of the Government sugar policy has been 
to achieve self-sufficiency in sugar at the earliest possible period: 
pricing has been used as the major instrument towards this end. A 
proposal for testing the effectiveness of this policy is to calculate a 
coefficient for the degree of effectiveness and compare this coefficient 
with other relevant structural variables. 

The approach to the evaluation of the policy effectiveness that 
is proposed here involves an examination of the performance of the sugar 
industry relative to the policy goal of self-sufficiency since 1966, the 


time when the Government began to regulate the industry. The domestic 
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production and consumption levels by then were 36 and 121 thousand metric 
tons of sugar respectively so that the sugar imports level stood at 85 
thousand metric tons at that time. An effective self-sufficiency program 
could be defined as one that could have brought down the imports figure 
from 85 thousand metric tons to zero at the earliest time possible, or 
within the target period. Given that the Government had hoped to achieve 
self-sufficiency in sugar by the early 1970s, the production and 
consumption situation in 1976 will be used as the benchmark in the 
analysis. 

The production and consumption levels in 1976 stood at 190 and 
248 thousand metric tons respectively, 10 years after the initiation of 
the Government policy. The imports level at this time thus stood at 58 
thousand metric tons. An effective program should have reduced the 
imports level to or close to zero by this time. Hence the effectiveness 
of the Government policy between 1966 and 1976 can be calculated as: 


L (Be) x? 100] ="31.76 (5-24) 


in percentage points. This gives an effectiveness coefficient of about 
3.18 percent per annum during the target period. A further proposal is 
the notion that an effective program should have reduced the imports gap 
by an annual rate that is close to the rate of growth in consumption so 


that production must have been growing at a much higher rate. 


The calculated coefficient of policy effectiveness at 3.18 percent 


per annum is seen to be low relative to the consumption growth rate 
coefficient at 9.40 percent per annum. Hence the hypothesis that the 


Government sugar policy is effective is modified and accepted in the 


format that the policy has not been relatively effective in curbing demand 


and fostering production in order to achieve its objectives within the 
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target period. 

The hypothesis about the period when Kenya could become self- 
sufficient in sugar is closely linked to the effectiveness of the 
Government policy. The projections and the parametric analysis suggest 
that the hypothesis should be modified and accepted in the format that 
the country could be expected to achieve self-sufficiency in sugar by 
the end of the 1980s at the prevailing general level of economic 
conditions. However, some measures must be taken to sustain or raise the 
average growth rate in sugar production while ensuring that the growth 
rate in sugar consumption does not exceed the prevailing average level 
(see Tables 5-26 and 5-27). 

The second objective of evaluations was to derive a general 
measure of market performance and use it in the assessment of the 
performance of the sugar industry. Market performance can be defined as 
an industry's contribution relative to its potential to the achievement 
of (i) efficiency in the use of resources, (ii) progressiveness in 
enlarging and improving the flow of goods and services, (iii) stability 
of prices and employment, and (iv) fairness in the treatment of 
individuals. ' However, more norms could be added to the list of performance 
criteria so that a general approach to the assessment of market performance 
could involve the evaluation of the degree of achievement of prespecified 
goals. The proposal here was to assess the general performance of the 
sugar industry relative to the prescribed policy goal of self-sufficiency. 

The calculated coefficient of policy effectiveness (see equation 


5-24) can be taken as one measure of the performance of the industry 





] 


R. Caves, American Industry: Structure, Conduct, Performance (Englewood 
Cliffs, N.J.: Prentice-Hall, Inc., 1977), pp. 66-83. 
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relative to the policy goal, the ideal being unity. Using this criterion, 
the coefficient for market performance during the target period of 10 
years (1966-1976) is 0.32, which is relatively low. Another related 
measure of market performance would be an index of the annual movements 
in the ratio of total domestic production to total consumption. Such a 
measure was described as percentage self-sufficiency index (Table 5-26), 
the ideal being 100 percent. Calculations of this index show that its 
value has risen from a level of 29.8 percent in 1966 to 76.6 percent in 
1976, the actual change being an indication of the improvements in the 
self-sufficiency status during the target period. This improvement in 
the self-sufficiency status generates a coefficient for market 
performance of the order 0.47 during the ten-year period. 

The measure of improvements in the self-sufficiency status appears 
to be high relative to the coefficient of policy effectiveness, but the 
two measures are related since they assess market performance relative to 
a policy goal. A major weakness of the two indices of performance is that 
they do not tell how the market performs from year to year during the 
target period: they are aggregative and average in nature. However, the 
self-sufficiency index, when given on a yearly basis for the entire period, 
could overcome the aggregation problem. Like most other measures of 
market performance, the policy effectiveness and self-sufficiency improve- 
ment coefficients have to be judged relative to some predetermined levels 
of satisfactory performance. Although the definition of such levels may 
introduce some subjectivity in the analysis, such a step is needed in 
order to arrive at operational criteria. For this evaluation, performance 
indices of the order of 0.75 or above could be taken as acceptable levels 


of satisfactory performance, when the ideal level is unity. 
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Given the low policy effectiveness coefficient (0.32) and the 
self-sufficiency improvement coefficient (0.47), the performance of the 
sugar industry in Kenya can be said to have been unsatisfactory relative 
to the achievement of the prescribed self-sufficiency status. The 
application of other performance norms was limited by the lack of more 
information on the sugar industry. However, there is evidence that the 
performance of the industry has been satisfactory if the price, employment 
and output stability criterion is used. The Kenyan sugar price has been 
stable relative to the world sugar price (see Figure 5-5), and employment 
and output in the sugar industry is said to have grown steadily since 


1964. Further, labour relations in the industry have been satisfactory. 


Summary and Overall Evaluation 

This chapter has presented a discussion of the data and data 
treatments, analysis and the analytic results, and some applications and 
evaluations of the analytic results. Some emphasis was laid on how the 
analytic results were used in the assessment and evaluation of the market 
structure, especially in relation to (i) the general market behaviour in 
terms of market practices and price movements, and (ii) the performance 
of the sugar industry in Kenya in relation to the self-sufficiency policy. 

The analysis indicates that the results are sensitive to model 
specification and estimation methods. Hence proper model specification 
and estimation methods are crucial in empirical analysis. The time trend 
factor and the [0,1] dummy variable were found to be highly collinear. 


Owing to the inclusion of a trend variable, or the incorporation of time 


Tier: Gibbons, "The Characteristics, Structure and Development of Kenya's 
Food, Feedstuffs and Beverage Industries," Quarterly Journal of Inter- 


national Agriculture, Vol. 15, No. 2 (April/June 1976, DLG Verlag 
Frankfurt), pp. 141-160. 
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factor in the analytic models, the use of a [0,1] dummy variable for the 
periods before and after the initiation of the self-sufficiency policy in 
1966 was found to be statistically insignificant at the 10 percent level. 
The Chow test for structural change was found to be negative for all 
estimating models too. Hence the changes in policy after 1963 do not 
appear to have significantly changed the structural parameters of the 
Sugar market in Kenya. 

Unlike the findings of previous studies on the sugar industry in 
Kenya, the results of this analysis indicate that both sugar production 
and consumption are sensitive to economic incentives. However, the 
relatively low price and income elasticities (see Tables 5-23 and 5-24) 
suggest that the use of a pricing policy to influence sugar production 
and consumption in order to achieve the self-sufficiency status will 
require a move toward a relatively high consumer price for sugar. 
Alternatively, a pricing policy alone may take a relatively long time to 
achieve its objectives and questions can be raised about social desira- 
bility of such a policy. This factor is considered crucial in the 
formulation of an alternative sugar policy. 

With regard to the parameters related to the main structural 
variables of the sugar market, the results obtained for Kenya are 


| In all instances, 


comparable with those obtained elsewhere in the world. 
production and consumption of sugar have been found to be responsive to 
price so that a pricing policy would have some impact on the levels of 
sugar production and consumption. Table 5-28 gives the comparisons of 


‘See the review of the world sugar economy in Chapter II, especially the 


section on specific literature review. 
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the relevant parameters obtained for Kenya and those obtained at the 


global level. 


TABLE 5-28 


Comparisons of Relevant Growth Rates and Elasticities 
for the Sugar Industry: Kenya and World Estimates 
(Data Base: Between 1950 and 1976) 


wwe World 
Description Kenya (Range) 
I: Annual Percent Growth Rates: 
(i) Sugar Production ies 3.8: =) 526 
(ii) Sugar Consumption 6.9 3-6 = 5.0 
mee Elasticities: 
(i) Supply of Cane [Price] egal Oisi—cie 0 
(ii) Demand for Sugar: 
(a) Price 0.2 OG .r=a125 
(b) Income 0.4 OR ee 8 
III: *Coefficient of Determination 
(R2) for Prices-Income 
Consumption Model: 0.90-0.98 0.60-0.85 


*Sensitive to model specification. This remark is generally valid for 
all results. 


SOURCE: Author's work and Synthesis from various studies that are cited 
in Chapter II. 


As the results in Table 5-28 indicate, the rate of growth in 
production and consumption of sugar in Kenya has been relatively fast, 
a factor that may reflect the efforts that have been allocated to the 
development of the sugar industry in Kenya since 1966. The results of 
this study show that prices and income do explain a higher variation in 
the observed consumption levels in Kenya than that obtained elsewhere 
in the world. Finally, the relevant elasticities obtained for Kenya 


are within the range obtained for the other sugar industries in the world. 
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Hence one can conclude that the results of this study are consistent with 
what has been found about the structural variables of the sugar markets 
in the rest of the world, particularly with respect to cane-based sugar 


industries. 
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CHAPTER VI 


SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 


Summary and Conclusions 


Objectives 

The following were the main objectives of the study, each objective 
being stated in relation to the sugar industry in Kenya: 

(i) The determination of the nature of demand and supply functions 
for sugar and the assessment of the structure and the general behaviour 
of the sugar industry; 

(ii) The assessment and evaluation of the performance of the 
sugar industry in relation to the policy goal of self-sufficiency; 

(iii) The assessment of future trends in production and consumption 
in order to predict future developments in relation to the policy goal of 
self-sufficiency; 

(iv) The formulation of some market improvement proposals that 
could find useful application in the sugar industry. Basically, such 
proposals would derive from the implications of the study and can thus be 
viewed as defining a set of policy recommendations which could be an aid 


to those involved in development and improvement planning for the industry. 


Hypotheses 


The following are the main hypotheses that were tested, each 
hypothesis being stated in relation to the sugar industry in Kenya: 

(i) Cane production and sugar supply are responsive to changes in 
cane and sugar prices; 

(ii) Sugar production is adversely affected by maize production, 


the main alternative enterprise in the cane-production zones of Kenya; 
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(iii) There is a lag in adjusting the level of cane and sugar supply 
to the desired levels following a change in the cane and sugar prices; 
(iv) The demand for sugar is responsive to changes in sugar price; 
(v) The demand for sugar is responsive to changes in disposable 
income; 
(vi) The domestic sugar price is correlated to the world market 
price for sugar; 
(vii) The Government sugar policy has been effective; 
(viii) The sugar industry in Kenya can be expected to achieve the 


self-sufficiency status by the end of the 1980s. 


A Discussion of Models, Methods of Analysis and Results 


In order to seek some answers to the questions that derive from 
the stated objectives of the study and be able to test the given hypotheses, 
(a) the basic data were subjected to such analytic procedures as (i) 
correlations analysis, (ii) price trends analysis, (iii) price spreads 
analysis, and (iv) assessment and comparison of relative changes in the 
general levels of the various variables, and (b) models for (i) estimating 
supply and demand functions, (ii) determining the rates of growth and the 
relevant growth elasticities, and (iii) projecting domestic production and 
consumption of sugar were formulated, estimated and applied. The basic 
estimation techniques involved the methods of least squares. 

The estimating models were subjected to scanning techniques and 
tests for such econometric problems as autocorrelation, heteroscedasticity 
and multicollinearity in order to determine the appropriate estimation 
methods. The estimates of such models were also subjected to tests of 
statistical significance in order to determine the results that could be 


used in further analysis and evaluations. Such tests and scanning 
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procedures indicated that (i) heteroscedasticity was not a serious problem; 
(ii) autocorrelation was present in some isolated cases; and (iii) multi- 
collinearity was present and severe in most cases where multiple regression 
models were being estimated. Consequently, appropriate remedial measures 
and estimation methods in the presence of these econometric problems were 
executed before obtaining the estimates of the models. 

The remedial measures taken for autocorrelation in the cases where 
the problem was found to exist involved the use of the Cochrane-Orcutt 
iterative technique. Two methods of estimation in the presence of mul ti- 
collinearity were proposed and used in this study. The first method 
involved the use of weighted prices models, while the second method 
involved the use of models in which some variables are deflated with 
specified indices. 

The weighted prices models and the models in which some variables 
are deflated with specified indices were referred to as WPM and DSAM 
respectively in the main text of the thesis. Both types of models were 
found to be facile as supply-estimating models in the presence of 
multicollinearity. The estimation of per capita (individual) rather than 
the aggregate demand functions as specified in equations (5-6) and (5-7) 
was also found to facilitate estimation in the presence of multicollinearity. 

The results obtained from (i) the estimation of supply and demand 
functions, (ii) the estimates of growth rates for relevant variables, and 
(iii) the calculations of relevant elasticities were used in the 
application of these projections models. This step of the analysis was 
intended to give some results that could be used in the assessment and 
evaluation of the policy goal of self-sufficiency. A general observation 


from the analysis was the fact that the empirical results, both in absolute 
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magnitudes and in the levels of statistical significance, were sensitive 
to model specification and the estimation methods that were used. 

The following is a summary and discussion of the main results of 
the analysis: 

(a) Results of Hypothesis Testing 

The following hypotheses, which are stated in relation to 
Kenya's sugar industry, were accepted on the grounds that the estimates of 
the relevant structural coefficients were significant at the 10 percent 
or higher levels of significance: 

(i) Domestic production of cane and supply of sugar are influenced 
by the general level of cane and sugar prices; 

(ii) Domestic production and supply of sugar are adversely affected 
by increases in the level of prices for competitive products, the major 
factor in this case being the level of maize prices; 

(iii) Domestic demand for sugar is determined by the general levels 
of sugar price and the national disposable income; 

(iv) Domestic price of sugar is correlated to the world market 
price for sugar; 

(v) The lag in the adjustment of cane and sugar production to 
desired levels following changes in cane and sugar prices is statistically 
Significant. 

Two other hypotheses were to be tested: these hypotheses related 
to the effectiveness of the Government sugar policy and the time when 
Kenya is likely to become self-sufficient in sugar: 

(i) From the self-sufficiency norm, and given the ten-year period 
between 1966 and 1976 as the policy target period, the hypothesis that the 


Government sugar policy has been effective was rejected; 
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(ii) Based on results of projections and parametric analysis of 

domestic production and consumption of sugar, the hypothesis that Kenya 
is likely to become self-sufficient in sugar during the 1980s was 
accepted. 

(b) Discussion of Market Structure Analysis 

The estimates of supply and demand functions gave results that 

were consistent with economic theory. Cane and sugar prices were found to 
be statistically significant as the determinants of the domestic production 
and supply of sugar. The general price level for the competitive produce 
was found to adversely affect the levels of cane and sugar production. 
The levels of sugar price and disposable income were found to influence 
the pattern of sugar consumption. 

Calculations of elasticities showed that both supply and demand 
elasticities are low, but are associated with relatively large standard 
errors. The results indicated that both supply and demand are likely to 
become relatively more price elastic at a high level of the general 
commodity prices and relatively more price inelastic at a low level of the 
general commodity prices. The inclusion of a trend factor in the estimating 
models moderated the difference between elasticity estimates for periods 
of low and high levels of general commodity prices. 

The rate of growth in domestic production of sugar was found to be 
close to the rate of growth in domestic production of cane. Both cane and 
sugar production were found to have grown relatively faster than the 
general level of cane and sugar prices during the same period. Sugar 
consumption was also found to have had a relatively higher growth rate than 
that for the retail price of sugar. The growth in consumption was found 


to be closely linked to the growth in population and disposable income. 
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Although the rate of growth in consumption was found to be high relative 
to the rate of growth in the retail price of sugar, the latter rate of 
growth can be said to have been high when compared with the overall rate 
of inflation during the sample period (see Table 5-25). 

A comparison of the rates of growth and the associated growth 
elasticities for various variables indicated that prices had fluctuated 
more than any other variable during the sample period (see Table 5-25). 
The results indicated that maize price had grown relatively more slowly 
than the cane and sugar prices, although the former price had higher 
annual fluctuations than the latter price. Since maize price was also 
found to have had a statistically significant negative impact on the 
levels of cane and sugar supply, despite its low growth rate and high 


degree of fluctuation, this price is likely to have been at a more 


competitive initial level relative to the level of cane and sugar prices. 


The world market price for sugar was found to have been relatively more 


unstable than the Kenyan sugar price during the sample period. 


Production was shown to have grown slightly faster than consumption 


during the sample period. The failure of the industry to attain the self- 


sufficiency status during the policy target period (1966-1976) is thus 


attributable to the low initial level of production and a relatively higher 


initial level of consumption. The high rate of growth in production 


relative to the slow rate of growth in cane and sugar prices is attributable 


to the relatively high price elasticity of supply for cane. The high rate 


of growth in consumption of sugar can be attributed to the low price 


elasticity of demand and the relatively higher income elasticity of demand 


for sugar. 
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(c) A Discussion of General Market Behaviour and Performance 
Sugar is quoted to have become cheaper relative to other foods 

at the global level. | This quotation does not apply to Kenya: the index 
of the retail price of sugar in Kenya was at the same general level as the 
consumer price index (CPI) for all foods in 1955, this level being slightly 
higher than that for the composite CPI in 1970 prices. Since 1955, sugar 
has become more expensive than other foods in Kenya (see Appendix A-3). 
The Government policy on pricing of sugar has been one in which the domestic 
price is maintained at a level that is slightly higher than the level for 
the average world market price for sugar. © 

The analysis of domestic sugar price trends indicated that producer, 
wholesale and retail prices had remained relatively stable until these 
prices experienced sharp increases after 1972. The general trend in 
domestic prices was found to be linked to the movements in the world market 
price for sugar, although the domestic price has generally been sticky in 
a downward direction. The analysis of trends in price spreads showed that 
both wholesale and retail price spreads followed the same general trend as 
that for the producer, wholesale and retail prices up to 1972. After 1972, 
the wholesale price spread continued to follow the general trend in price 
increases, while the retail price spread started to Hie a downward trend 
(see Figures 5-1 through 5-5). 

The performance of the sugar industry was found to have been 
ISe@ Chapter II of the thesis. 
eThe current (1978) domestic price of sugar at Kshs 4.50 per kg is about 
20 percent higher than the average world market price (based on the 1977 


ISA floor and ceiling prices of US $245 and $470 per metric ton of raw 
sugar respectively, and an appropriate conversion factor). 
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unsatisfactory when judged in relation to the policy goal of self- 
sufficiency, but satisfactory when gauged from the price and employment 
stability and labour relations criteria. The observation that something 
may be judged to be satisfactory when examined from one perspective but 
unsatisfactory when judged from another perspective, is a common facet of 
reality that has led to considerable market research work in the past. | 
Such market research work in the past has been designed in order to 
establish operational norms or criteria for the evaluation of market 
performance, particularly with regard to the competitiveness of the 
marketing system. What can generally be agreed about this problem in 
empirical analysis is the fact that one has to specify a set of economic 
objectives for a system and then use that set of objectives as the bench- 
marks in the evaluation of the performance of the given system. 
Projections and parametric analyses indicated that Kenya is likely 
to become self-sufficient in sugar by the end of 1987 if the past moderate 
pace of developments in production could be maintained. Under an assumption 
of fast growth in production and slow growth in consumption, the date for 
achieving self-sufficiency in sugar could be as early as the end of 1983. 
However, this date could be as late as the end of the year 2003 if the 
assumption of slow growth in production and fast growth in consumption is 
adopted (see Table 5-27). The moderate growth assumption that leads to 


the prediction of 1987 as the date for achieving self-sufficiency in sugar 





The original and leading contributions in this area include: (i) oh. 
Clark, "Toward a Concept of Workable Competition." American Economic 
Review (June 1940); (ii) S.H. Sosnick, "A Critique of the Concepts of 
Workable Competition." Quarterly Journal of Economics (August, 1958); 
(iii) J. Markham, "An Alternative Approach to the Concept of Workable 
Competition." American Economic Review (June 1950); and (iv) S.H. Sosnick, 
"Toward a Concrete Concept of Effective Competition." American Journal of 


Agricultural Economics (November, 1968). 
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is considered more feasible than the assumption under which the year 1983 
is predicted as the date for achieving the self-sufficiency status. Given 
the economic conditions and the results of the analysis, one may state 
with some degree of confidence that the date for achieving the policy goal 


of self-sufficiency could lie anywhere between the years 1983 and 2003. 


Concluding Remarks on Market Analysis 


The real price for sugar and the real disposable income were found 
to have remained relatively low and stable for most of the sample period, 
the only change in this general trend having been recorded after 1972 (see 
Appendices A-1 and A-4). This trend in the real prices and income may 
have led to the observed relatively low supply and demand elasticities. 
However, low price and income elasticities of demand may also be a result 
of a fast-growing demand for sugar, while the low price elasticity of 
supply may be a result of fast-rising cost of sugar production. 

The Government has been involved in the regulation of the sugar 
industry in Kenya since 1966. This Government involvement in the sugar 
industry does not appear to have affected the rate of market adjustment 
following changes in the general levels of the economic variables, 
especially with regard to price changes. This conclusion is based on the 
observation that there were no significant differences between the 
estimates of the demand functions which were obtained from alternative 
estimating models whose specifications are based on alternative 
assumptions of endogeneity and exogeneity for the price variables. Thus 
the role of the Government in pricing can be likened to the role of an 


auctioneer in price formation. 
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Implications of the Analytic Results 

Previous studies on the sugar industry in Kenya, particularly with 
regard to sugar consumption, have concluded that price and income coef fic- 
jents are not statistically significant. However, the multiple coefficients 
of determination (R-squared values) for the estimated regression models 
in such studies have been of the order of 0.9, or even higher in some cases. 
Examples of such studies include Frank (1964), Clark (1968) and Ministry 


of Agriculture (1977).! 


These previous studies have also concluded that 
the time trend factor has been the major determinant of trends in sugar 
consumption. 

One could question the economic validity or justification for such 
conclusions as the ones made in the previous studies on sugar in Kenya, 
but these conclusions are not a surprise, especially if one considers that 
the partial correlation coefficients for the main independent variables 
in the estimating models have been found to be relatively high. Theory 
suggests that such results as the ones quoted in the previous studies may 
be an outcome of model estimation in the presence of multicollinearity 
when appropriate remedial measures for the problem of multicollinearity 
are not taken.© Since this econometric problem is likely to occur at 
severe levels in multiple regression analysis, conclusive tests for the 
absence of this problem are necessary before one can assess the reliability 
of empirical estimates of multiple regression models. The results of the 
previous studies on sugar in Kenya are considered to be of doubtful 
reliability because the problem of multicollinearity does not appear to 


have been examined during such studies. 





‘C00 the review of literature on Kenya's sugar industry (Chapter PTL) % 


2cee D. Orr, op. cit., pp. 54-62. 
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This study disproves the validity of the conclusions of the 
previous studies on the sugar industry in Kenya and demonstrates the 
importance of proper specification of the analytic models and the use of 
appropriate estimation methods. The results indicate that both production 
and consumption of sugar in Kenya are sensitive to changes in the levels 
of economic variables, especially with respect to changes in prices and 
disposable income. Given these results, one can expect a pricing policy 
to be effective in regulating production and consumption. However, the 
impact of such a policy is likely to manifest itself at a slow rate 
because the values for the calculated price and income elasticities were 


found to be relatively low. 


Recommendations 

Introduction 

The Kenyan price of sugar has been maintained at a level that is 
slightly higher than the level of the world market price for sugar. The 
Government sugar pricing policy has been designed such that it offers a 
price that is an incentive toward increased sugar production, while 
regulating consumption in order to facilitate an orderly transition toward 
a self-sufficiency status for the sugar industry. However, the sale of 
cheaper sugar imports at the domestic price has resulted in the generation 
of a sugar fund. This fund has been used to stabilize the domestic price 
in the face of the highly volatile world market price for sugar. 

Projections and parametric analysis of production and consumption 
have indicated that the sugar industry may attain the self-sufficiency 
status by the end of the 1980s. However, one cannot be confident 
that the rate of growth in production that was experienced during the 19/0s, 


and which is required if the self-sufficiency status is to be attained at 
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the predicted period, can be sustained during the 1980s. In order that 

a pricing policy alone can be used to achieve the goal of self-sufficiency, 
pricing measures may have to be designed primarily to curb consumption 
rather than raise the rate of growth in production. Such measures have 
been described as socially undesirable. Hence, one cannot justify a 
recommendation that supports such pricing measures because they cannot be 


regarded as market improvement proposals. 


Market Improvement Proposals 


This study proposes some market improvement measures that are 
designed to regulate production rather than consumption. The proposed 
measures would leave the sugar market to operate as freely as possible, 
while supporting production in order to ensure a steady growth toward 
levels that are consistent with the policy goal of self-sufficiency. 
Theory suggests that subsidization of domestic production is superior to 
imposition of taxes on consumption as a commodity pricing policy. This 
statement is based on a paper in which Bhagwati and Ramaswami prove that 
subsidization of domestic production is superior to imposition of taxes on 
imports as a method for correcting distortions in the domestic market. | 
Any method designed to correct distortions in the domestic market for an 
open economy attempts to ensure that the usual economic optimum conditions 
(which are usually referred to as the marginal conditions) are satisfied or 
observed as closely as possible. 

The theory of optimum subsidy in the face of domestic market 


'5, Bhagwati and V.K. Ramaswami, "Domestic Distortions, Tariffs, and the 


Theory of Optimum Subsidy," Journal of Political Economy, Vol. LXXI, No. 1 
(February, 1963), pp. 44-50. The distortions relate to lack of equality 
in the usual economic marginal conditions. 
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distortions forms the foundation of the recommended policy measures in this 
study. If there are distortions in the domestic market, Bhagwati and 
Ramaswami show that a tariff policy can never correct such distortions and 
that the optimum strategy would be the pursuit of a policy of free trade. | 
This statement would apply in the case of seeking and defining an optimum 
market improvement strategy for Kenya. 

This study recommends two policy measures that are considered as 
a practical approximation of the corrective measures for distortions in the 
domestic market. The first recommended policy measure requires that the 
current domestic price of sugar be indexed to the movements in the average 
world market price for sugar. The second recommended policy measure 
requires the Government to subsidize domestic sugar production only during 
those periods when the proposed domestic sugar price that is indexed to the 
world market price does not adequately cover the domestic cost of sugar 
production. 

The first policy recommendation implies that the domestic price of 
sugar should be allowed to change directly in proportion to changes in the 
world market price, thus eliminating the downward stickiness that has 
characterized the domestic price so far and also allowing the domestic 
market to operate as freely as possible while maintaining the current 
difference in the levels of the domestic and world market prices for sugar. 
This difference was shown to be about 20 percent of the domestic price so 
that some extra revenues will continue to be generated whenever some sugar 
is imported and sold at the indexed domestic price. This extra revenue 


should continue to build up the hitherto price stabilization fund, whose 
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role should now change to that of a producer price-support fund. The 
Proposed producer price-support fund should then be maintained in order 
that funds are available for subsidizing domestic sugar production when 


necessary, as proposed in the second policy recommendation. 


Concluding Remarks on Policy Recommendations 


The sugar pricing policy that has been followed by the Government 
so far has been designed so as to facilitate an orderly production and 
consumption towards levels that are consistent with a self-sufficiency 
Status. The policy recommendations that have been advanced in this study 
are expected to lead toward the same goal of self-sufficiency status with- 
out imposing undue restrictions on sugar consumption through a pricing 
policy. These recommendations are thus considered to be more socially 
equitable. 

The proposed indexation of the current domestic price to the world 
market price does not disrupt either the generation of the hitherto price 
stabilization fund or the established production pattern. This pattern of 
production is to be enhanced through a subsidization program whenever the 
level of domestic price falls below the average production cost. The 
main objective of the policy proposals is to correct distortions in the 
domestic market by ensuring that the usual economic optimum conditions are 
observed as closely as possible. Since the level of sugar imports is low 
and is likely to continue to decline, the price-support fund generated from 
the sale of cheaper imported sugar at the indexed domestic price may not 
always have adequate resources for the subsidization of domestic production 
of sugar. Therefore, the Government may have to top-up the fund from other 


revenue sources from time to time. 
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Need for Further Research 

A number of institutional arrangements were discussed in earlier 
chapters, but not much was examined in relation to the sugar industry in 
Kenya. Kenya is a signatory to the International Sugar Agreements (ISA), 
and further research work could be done to examine the role of Kenya in 
such Agreements and determine how such institutional arrangements may have 
influenced the domestic sugar policy and also assess their impact on the 
domestic patterns of production and consumption of sugar. 

The sugar industry has been treated in this study primarily as if 
the industry were isolated from the rest of the economy. There is a 
possibility that too much of the country's resources are being used in the 
development of the sugar industry. An evaluation of the opportunity cost 
of sugar production, or the assessment of allocative efficiency in the 
sugar industry in general, is recommended as a useful step towards a study 
of the sugar industry in relation to the rest of the economy. A comparison 
of domestic and international production costs for sugar would also be a 
useful step in the proposed integrative study. 

Finally, a number of changes have, or may have, taken place with 
regard to the situation of the sugar industry in Kenya since the initiation 
of this study in 1978. An important change in this regard is the 
establishment of two new sugar mills, one at Nzoia in the Western Province 
and the other at Awendo in the South Nyanza Province. The new mills were 
expected to become operational by the end of 1978. This situation would 
likely lead to increases in the level of domestic production of Sugar and 
probably result in an earlier date for the achievement of a self-sufficiency 
status than the date predicted in the study. Hence, there is need to update 
the results of this study as more information on the sugar industry becomes 


available in the future. 
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APPENDICES 


Appendix A-1 


Producer (Cane), Wholesale (Ex-Factory) and Retail 
(Consumer) Prices* of Sugar in Kenya, 1969-1976 


[Kshs. per Metric Ton] 


Producer Price Wholesale Price Retail Price 

Nominal Real Nominal Rea Nomina Real 
45 46 905 923 1550 1582 
45 45 905 905 1550 1550 
45 44 1004 984 1650 1618 
50 50 1040 1040 1850 1850 
52 48 1230 1139 1850 1713 
62 50 1860 1500 2400 1935 
89 61 32.10 2184 3500 2381 
105 66 4205 2628 4500 2813 


*As explained in the main body of the thesis, cane prices and ex-factory 
prices of sugar are taken as proxies for the sugar producer prices and 
the wholesale sugar prices respectively, in order to facilitate the 
analysis of sugar price spreads. 


SOURCES : 


Year 


1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 


SOURCE: 


(1) Government of Kenya, Economic Survey (Nairobi: Government 
Printer, Various Issues up to 1976); 
(2) Author's work (for Calculations of Real price values). 


Appendix A-1-1 


Producer, Wholesale and Retail Price 
Indices for Sugar in Kenya, 1969-1976 


(1970 = 100) 
Producer Price Wholesale Price Retail Price 
Nominal Real Nominal Real Nominal Real 


100.00 102.04 100.00 101.99 100.00 102.04 
100.00 100.00 100.00 100.00 100.00 100.00 
100.00 98.04 110.93 108.73 106.45 104.36 
Pte TAPS 114.92 114.92 9.30 TI9r35 
115.56 107.00 135294 125.86 ake 110.51 
137.78 Ee 205.52 165.75 154.84 124.87 
97.79 134.54 354.70 241.33 £20.01 13:61 
7s BS 145.83 464.64 290.39 290.32 181.45 


Author's Work (Calculations Based on Data in Appendix A-1). 
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Appendix A-1-2 


Index of Quantities of Cane Processed Into 


Sugar in Kenya, 1962-1976 (1970 = 100) 
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Author's Work (Based on Data in Table 5-1). 


Cane Quantity Index 


Indices of Wholesale and Retail Price Spreads 
for Sugar in Kenya, 1969-1976 (1970 = 100) 
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Author's Work (Calculations Based on Data in Appendix A-1). 


249 











_ 


— 


. ie d 
+ oie 


J 7 a 
7 : See 
: 7s 4s i 
q 7 a 
Ps o _ - 7 
' 2 ‘ 1. . a 3 4 


: Ife 
=. ro 7 5 + ny ‘ ' 
65495 . era Site 1 9 a ef - 


> het} Pl. Sx ata ‘wage “a 
p 
= ae ae eS 


' ec 

5 = — (S . se 

a M2 as 
aig - 


— se _ —— = 


Wien? f° cro bene) Shyed 2” sontuk 











mr » 
> —_—? 
) _ e 
= Gi’ 
= 7 
~ i ~ 4 
- rs ee | a : - Y 
: 7 \ * 
‘tars, le teagan Fo aeatbal 
. ’ ae if te < si tepue Ot” ‘ 
, : ic i. 
os ax a 
— = = — ren y — - aod 
ES ' $7 D281 00) - = 
, + ~ Eo 
ie 2S 
? —~, Ti- x =e ie _— _ 






BM SR 
Nit HD |? 


Year 


1955 
1956 
1957 
1958 
Lek, 
1960 
196] 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
LPS 
1974 
feeds: 
1976 


SOURCE: 


Appendix A-2 


Indices of Production, Consumption and Imports 
of Sugar and the Average Weather Index for 
the Cane-Producing Zones in Kenya, 1955-1976 
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Work (Based on Data in Tables 5-1 through 5-5). 
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Year 





Sugar Maize Foods Only Composite Sugar Price 

1955 79.35 141.16 79 75 88.04 
1956 83.87 141.16 8] 78 94.32 
1957 70.97 132253 83 80 140.22 
1958 82.58 140.48 81 8] 95.09 
1959 83.87 108.43 80 81 80.78 
1960 83.87 128.51 81 8] 84.40 
1961 80.65 142.57 82 83 94.73 
1962 87.74 Pa2-o7 85 86 84.26 
1963 94.84 96.39 87 88 ADR AS, 
1964 94.84 108.43 90 9] 155.54 
1965 94.84 130.52 9] 92 So. 0U 
1966 99.35 Ose oF 96 47.74 
1967 99.35 148.59 98 98 50.86 
1968 99.35 115.66 99 98 5). 5/ 
1969 100.00 12245 98 98 87.08 
1970 100.00 100.00 100 100 100.00 
1971 106.45 T1325 102 102 122.24 
1972 119335 13/235 100 100 ero ete 
1973 119335 139.76 105 108 250.79 
1974 154.84 149.80 124 124 806 .00 
1975 225.81 234.54 150 147 sheer 4s, 
1976 290.32 261.04 160 160 te. 6) 
SOURCE: Author's Work (Based on Data in Tables 5-1 through 5-5). 


Kenya Nominal Prices 


Appendix A-3 


Kenya CPI 


Retail Sugar Price, Maize Producer Price and 
Consumer Price Indices in Kenya and the World 
Market Sugar Price Index, 1955-1976 (1970 = 100) 


World Nominal 
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Appendix A-4 


Indices of Population and Disposable Income 
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in Kenya, 1955-1976 (1970 = 100) 
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Author's Work (Based on Data in Tables 5.1 through 5-5). 
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Appendix A-5 


A Review of the Major Scanning Techniques or Tests for the 
Presence of Econometric Problems in Regression Models and 
for the Detection of Structural Changes in Such Models 


Introduction 


The chapter on methods of analysis indicates that the models were 
estimated using least square estimation techniques. Least square 
estimates are BLU (i.e., best, linear, unbiased) if the random term u 
satisfies some general assumptions, namely that u has zero mean and 
constant variance. This proposition, together with the set of conditions 
under which it is true, is known as Gauss-Markov least-squares theorem. | 
Specifically, the Gauss-Markov theorem that states that the least square 
estimates are best (i.e., have the smallest variance) as compared with 
any other linear unbiased estimator obtained from any other econometric 
methods is the major reason for the popularity of the ordinary least 
squares (OLS) estimation method. The econometric problems alluded to in 
the analysis arise from the violation of one or more of the Gauss-Markov 
conditions (i.e., the conditions under which least square estimates are 
BLU). 


Specific Econometric Problems and 
Tests for Their Presence 


Heteroscedasticity 
A necessary condition for linear estimators to have desirable 


properties is that the random term u has a constant variance, i7.e.: 
E (us) = a 

This condition is referred to as homoscedasticity. If the condition is 

violated, then heteroscedasticity is said to be present. Since the 

variance of u is no longer a constant, the estimates of the structural 

coefficients of the model would have very large variances and will likely 

be statistically insignificant. 


uM Koutsoyiannis, Theory of Econometrics (London: The Macmillan Press 
Ltd., 1976), pp. 104-111. A detailed discussion of the theorem can be 
found in most textbooks in econometrics. 
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Tests for the presence of heteroscedasticity attempt to establish 
the lack of a constancy in the variance of the stochastic term u. Various 
tests are available, but the simplest ones to apply include the Spearman 
rank-correlation test and the Goldfeld and Quandt tests. The two tests 
are reviewed below. 


1. The Spearman Rank-Correlation Test 
This test may be applied to either small or large samples and may 
be outlined as follows: 
1. Regress Y on X 
Y = by + Db 


Aan oe 


Ba 
and obtain the residuals, e's, which are estimates of the u's. 

2. Order the e's (ignoring their sign) and the X values in 
ascending or descending order and compute the rank correlation coefficient 


G 
@.X 


using the formula: 


| 6x0, 
rag petal n(n’ 7) 
where D. = difference between the ranks of corresponding pairs of X and e, 
and n = observations in the sample. 

A high rank correlation coefficient suggests the presence of 
heteroscedasticity. The statistical significance of r is then determined 
by using the Spearman Rank-Correlation Coefficient Critical Value tables. 
If r'is significantly different from zero, then heteroscedasticity is 


oresent. 


If the relationship has more explanatory variables, one may compute 


the rank correlation coefficient between e. and each of the explanatory 
variables separately. 


2. The Goldfeld and Quandt Test 


(S.M. Goldfeld and R.E. Quandt, "Some Tests for Homoscedasticity," 
J. Am. Statist. Ass., Vol. 60, 1965, pp. 539-47.) 


This test is applicable to large samples. The observations must 
be at least twice as many as the parameters to be estimated. The test 
assumes normality and serially independent u.'S. The hypothesis to be 
tested is the null hypothesis: 


Ho : u.'S are homoscedastic 
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and is tested against the alternative hypothesis: 

Hy ; u,'S are heteroscedastic (with increasing variances). 

The steps involved in the Goldfeld and Quandt test may be outlined 
as follows: 
1. Order the observations according to the magnitude of the explanatory 
variable X. 
2. Select arbitrarily a certain number (c) of central observations from 
the analysis. (It has been found from some experiments by Goldfeld and 
Quandt that for samples larger than n = 30, the optimum number of central 
observations to be omitted from the test is approximately a quarter of the 
total observations, for example 8 for n = 30, 16 for n = 60.) The 
remaining (n - c) observations are divided into two sub-samples of equal 
size ((n - c)/2), one including the small values of X and the other 
including the large values of X. 
3. Fit separate regressions to each sub-sample, and obtain the sum of 
Squared residuals from each of them: 


res = residuals from the sub-sample of low values of X, with 


[(n - c)/2] - K degrees of freedom, where K is the total 
number of parameters in the model 


res = residuals from the sub-sample of high values of X, with the 
same degrees of freedom, [(n - c)/2] - K 
If each of these sums is divided by the appropriate degrees of 
freedom, one obtains estimates of the variances of the u's in the two 
sub-samples. The ratio of the two variances 


re5/L{(n-c)/2} ~ K] res 
Foamy pects rs a Po er ee 


reé/[{(n-c)/2} - K] Ze} 


has an F distribution (with Maret uy [{n-c}/2] - K = [{n-c-2K}/2] degrees 
of freedom, where n = total number of observations, c = central observ- 


F 


ations omitted, K = number of parameters estimated from each regression). 
If the two variances are the same (that is, if the u's are 
homoscedastic) the value of F* will tend to 1. If the variances differ, 
F* will have a large value (given that by the design of the test res > 
res). The observed F* is compared with the theoretical value of F with 


res 


Vibra oy 5 (n-c-2K)/2 degrees of freedom (at a chosen level of significance). 
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The Theoretical (obtained from the F-Tables) value of F is the value 
that F would assume if the null hypothesis is true, that is, if the u's 
are homoscedastic. If F* > F, accept that there is heteroscedasticity 
(that is, reject the null hypothesis of no difference between the 
variances of u's in the two sub-samples). If F* < F, accept that the 
u's are homoscedastic (in other words, accept the null hypothesis). The 
higher the observed F* ratio, the stronger the heteroscedasticity of the 
Us. 


Autocorrelation 
The terms autocorrelation, autoregression, and serial correlation 
are all synonymously used to imply the presence of serially correlated 
stochastic variable u in the model, so that the basic Gauss-Markov 
condition: | 
E(usu,) Sails | ChOl Meron 


is violated. The outcome is the fact that estimated structural 
coefficients will not be BLU: the coefficients will generally have very 
high variances and likely be statistically insignificant. 

Intuitively, some rough idea of the existence and the pattern of 
autocorrelation may be gained by plotting the regression residuals either 
against their own lagged value(s), or against time. 

However, there are more accurate tests for the incidence of auto- 
correlation. The traditionally applied tests are the von Neumann ratio 


and the Durbin-Watson test. The Durbin-Watson d-statistic and h-statistic 


tests were used in this study and are the tests reviewed here.© 


1. The Durbin-Watson d-statistic tests 


(J. Durbin and G.S. Watson, "Testing for Serial Correlation in 
Least-Squares Regression," two articles in Biometrica 1950 and 1951). 


The Durbin-Watson d-statistic test is applicable to small samples 
and is appropriate only for the first-order autoregression scheme 
(u, = puy_] + v,)- The test involves the determination of the degree of 





Veurther discussions of the Gauss-Markov conditions can be found in H. 
Theil, Principles of Econometrics (New York: John Wiley and Sons, Inc., 
1971), pp. 119-120. 


2ror a discussion of the von Neumann ratio, see A. Koutsoyiannis, op. cit., 


p.206. 
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serial correlation ©(rho), followed by tests of statistical significance 
for this value of ©. The estimate for P is obtained from: 


: ZU,Us 9 As Ze ,e, | 


or pe 
tu, re, 


where 0 < p <1, 6 is the estimate for p and Uy and U,_1 are the values 
of the residuals during current and previous time periods respectively 


p 


(empirically, Uy is estimated by e, as before). The statistical 
significance for o (at a specified level of significance) is obtained 
from the calculated d-statistic (i.e., d*). The test may be outlined as 
follows: 
The null hypothesis 

Ho ='o'e=aQ 
(the u's are not autocorrelated) is tested against the alternative 
hypothesis 

Hy fo 70 


(the u's are serially dependent). 
To test the null hypothesis first compute the statistic 


n 2 
* = 
d - ; 
oy et 
t=] 


where e's are the OLS estimates of u's. 

The next step is to compare this empirical sample value of d* with 
the theoretical value of d, with n - K degrees of freedom (where K is the 
total number of the parameters). The theoretical d value is the value 
which d would assume if the null hypothesis were true, that is, if auto- 
correlation did not exist. The problem is that the exact distribution 
of d is not known. But Durbin and Watson have established that this 
distribution lies between two other distributions, dy and dy. where qd, 
denotes the lower-bound values of d and dy denotes the upper values of d. 
Durbin and Watson have tabulated these lower and upper values with (n - K) 
degrees of freedom at the 5 percent and the 1 percent level of significance. 





‘the Durbin-Watson d-statistic and the von Neumann ratio are mathematically 
related (see A. Koutsoyiannis, op. cit., p. 207). 
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The empirical d* value, calculated from the regression residuals, 
is then compared with the dy and dy values of the Durbin-Watson tables 
(with n - K degrees of freedom) as follows: 

A. Testing for positive autocorrelation: p > 0 

(1) If d* a dy (with n - K degrees of freedom) one accepts the null 
hypothesis p = 0, that is, one accepts that there is no autocorrelation. 

(200! fds < dj), one rejects the null hypothesis p = 0, that is, one 
accepts that there is positive autocorrelation in the function 

(2 i eekt dy < d* < diy the test is inconclusive, that is, one cannot 
be sure of the presence or absence of autocorrelation. What is required 
in this case is an increase of the observations (n). 


B. Testing for negative autocorrelation: p < 0. 


(1) If (4 - d*) > dys there is no autocorrelation, that is, one accepts 
the null hypothesis p = 0. 


(Py Teg Y= "d*) < dy there is negative autocorrelation in the 
function; one rejects the null hypothesis p = 0. 


_ d* 
eae a3 dy al qeaid®) "< dy 


From the theory, one can show that the d-statistic value for large samples 


the test is inconclusive. 


(asymptotically) is approximately equal to 2 because d and p are related 
through the expression: 


ge 2 = 0) 
From the above expression for d, one can deduce that the value of d lies 
between 0 and 4 for the following reasons: 


Firstly, if there is no autocorrelation p = 0 and d= 2. Thus, if the 
empirical d* =~ 2, one accepts that there is no autocorrelation in the 
function. 

Secondly, if 6 = +1, d = 0 and one has perfect positive autocorrelation. 
Therefore, if 0 < d* < 2, there is some degree of positive autocorrelation, 
which is stronger the closer d* is to zero. 

Thirdly, if 6 = -1, d = 4 and one has perfect negative autocorrelation. 
Therefore if 2 < d* < 4, there is some degree of negative autocorrelation, 
which is stronger the higher the value of d*. 


‘See A. Koutsoyiannis, op. cit., p. 208. 
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From the above considerations, values of d less than dp are in 
the critical region for positive autocorrelation while values of d 
greater than (4 - diy) are in the critical region for negative auto- 
correlation. The Durbin-Watson test in the null hypothesis of zero 
autocorrelation (that is, for po = 0) is carried out indirectly by testing 
the equivalent hypothesis d = 2. 


2. Other Approaches to the Durbin-Watson d-test and the h-statistic test. 

The Durbin-Watson d-test has several shortcomings. Firstly, the 
d statistic is not an appropriate measure of autocorrelation if among the 
explanatory variables there are lagged values of the endogenous variable. 
Secondly, the range of values of d over which the Durbin-Watson test is 
inconclusive (d) = d* < dy when testing for positive autocorrelation) has 
been a drawback to its application. Various writers, | including Durbin“ 
himself, have suggested alternative tests for serial correlation, which 
are more accurate and more powerful than the Durbin-Watson d-test. 
However, these tests are invariably more complicated and costly in 
computations. Furthermore, some of them are based on stronger assumptions. 
Given the shortcomings of the alternative tests, several econometricians 
have followed the practice of applying the Durbin-Watson d-test in the 
following amended form: 

Reject the null hypothesis (Ho: o' = 0) if d* < dy) 


Accept the null hypothesis if d* > diy. 


In the amended test, the rejection (critical) region includes not only 

the values of d <d) but also the values dy <idex dy which are inconclusive 
in the original Durbin-Watson d-test. The above amendment of the original 
Durbin-Watson test is inaccurate, because the levels of significance of 

the original test are certainly affected by extending the rejection region 


‘See H. Theil and A.L. Nagar, "Testing the Independence of Regression 


Disturbances," Journal of American Statistics Association, Vol. 56 (1961), 
pp. 793-806. See also R.C. Henshaw, Jr., “Testing Single-Equation Least- 
Squares Regression Models for Autocorrelated Disturbances," Econometrica, 
Vol. 34 (1966), pp. 646-60. 
25. Durbin, "An Alternative to the Bounds Test for Testing for Serial 
Correlation in Least-Squares Regression," Econometrica, Vol. 38 (1970), 
pp. 422-9. 
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over the range of the inconclusive d values. The amendment, however, may 
be justified on the grounds of the seriousness of autocorrelation in 
regression analysis. | 
Thirdly, the Durbin-Watson test is inappropriate for testing for higher 
order serial correlation or for other forms of autocorrelation (e.g., for 
nonlinear forms of serial dependence of the values u,). 

An alternative test for autocorrelation in models having lagged 
endogenous variables in the set of explanatory variables is the h-statistic 
test. The h-test is considered more reliable than the d-test in the 
establishment of the presence of autocorrelation.< 

The h-statistic can be calculated from the calculated d-statistic 
or o (rho) values by using the relationships: 


I 
— 

i} 
(an 


(1) 2p 


(ii) he= eh 
T-nV(b, ) 

where o(rho) or d may be calculated from the relationships given above, 
V(b, ) is the estimate of the variance of the coefficient for the lagged 
dependent variable that appears in the model as an explanatory variable, 
and n is the sample size. The statistical significance of the calculated 
h-statistic is determined by using the critical h-statistic tables. For 
example, if h > 1.645, one would reject the null hypothesis H,70=0 acs 
percent level. 


Multicollinearity 

The presence of multicollinearity implies that virtually linear 
relationships exist between the independent variables in the model so 
that it becomes difficult to compute reliable estimators. The real 
problem here is that reliable estimates of individual regression coef- 
ficients become difficult to obtain, but multicollinearity does not affect 
the predictive power of the regression equation. Indeed, multicollin- 


‘See J. Johnson, Econometric Methods (New York: McGraw-Hill Book Company, 
¥972) py 258% 


*Ibid., pp. 307-313. 
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earity leaves the sum of the estimated coefficients unaffected. | 

There are three quick methods for establishing if some multi- 
collinearity does exist in a multiple regression model. First, an 
examination of the correlations matrix provides a measure of the pairwise 
linear relationships between independent variables. This examination 
is a sufficient indicator for the presence of some multicollinearity. 

The second test involves the examination of t-statistics for the 
estimated regression coefficients. If there were strong theoretical 
expectations that a variable would be a statistically significant 
explanatory variable but the t-statistic test is negative, the observed 
statistical insignificance may be due to a linear relationship with some 
other variables in the model. The third test involves the examination 
of the value of Ra the multiple coefficient of determination. If Ro is 
statistically significant, but few or none of the estimated structural 
coefficients are statistically significant, then multicollinearity is 
likely to be predominant. 

The three tests described above will likely detect a high degree 
of multicollinearity: they cannot offer evidence of negligible multi- 
collinearity. A number of more rigorous methods of establishing the 
presence of even negligible multicollinearity are available, though no 
one method can be regarded as perfect. These methods (tests) for the 
detection of multicollinearity include a method based on Frisch's 
confluence analysis and the Farrar-Glauber test. The Farrar-Glauber test 
appears to be easier to manipulate in empirical studies and is the method 
reviewed in this study. 

The Farrar-Glauber method offers a comprehensive test for multi- 
collinearity. The technique facilitates the identification of the impact 


Ip, Orr, Applied Econometrics (Toronto: Institute for Policy Analysis, 


University of Toronto, Canada, 1977), p. 56. 


er or more details of the Farrar-Glauber technique, and for a discussion 
of Frisch's method of confluence analysis, see (i) A. Koutsoyiannis, 
Gbs Gibompn.ees02241e (11) DS ‘Orrys-op.*cit.; pp. 54-61; and (iii) D.E. 
Farrar and R.R. Glauber, "Multicollinearity in Regression Analysis," 
Review of Economics and Statistics, Vol. 49 (1967). pp. 92-107. 
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of all other independent variables in the original estimating model on 
a chosen independent variable Xs. For instance, if the original estimating 
equation was: 


Y= ay - a1X, 7. aX, res aX, + U 


the Farrar-Glauber tests involve the estimation of the entire set of 


equations: 
X, = by + b,X, T boX, sani os b kn 
oF a ia C1X7 + CoX3 +... + Chen Farrar- 
Glauber 
Equations 
x wee + Z1X, 7 Z5X5 nai tl Zn-1*n-1 
2 


The R” and F-statistic values associated with each regression of Farrar- 
Glauber equation reflect the degree to which the relevant regressor 
independent variable is explained by the other independent variables. 

As Ro + 1.0 or F ++, the relevant independent variable becomes less 
and less useful as a relevant explanatory variable in the original 
estimating equation. The Ro and F-statistic values for the Farrar-Glauber 
equations are an indicator for the degree of multicollinearity in the 
multiple regression estimating equation. 

From the theory of the Farrar-Glauber technique, little will be 
lost in terms of the explanatory power of the original estimating model 
if any of the independent variables having a very high Ro value in the 
Farrar-Glauber tests is dropped from the original estimating equation. 
If the F value for the Farrar-Glauber equation is not significant, the 
relevant regressor independent variable is not the source of severe 
multicollinearity in the original estimating equation, and this variable 
should be left in the estimating equation. If Ro for the Farrar-Glauber 
equation is close to or greater than Ro for the original estimating 
equation, the regressor in the Farrar-Glauber equation can be considered 
as a source of severe multicollinearity. | Such a variable should be 


'y. Bebe Op meGiter iy 06. 
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omitted from the estimating model, or a method of estimating in the 


presence of this variable should be devised. 


Testing for Structural Changes in a Regression Model 


There is a possibility that time series data for long periods of 
time may belong to statistically different populations, so that an 
estimated structural relationship for the entire period would be 
misleading. The correct approach would be to group data belonging to 
the same population together, so that regression equations for each set 
of data can be estimated. This approach would be appropriate even for 
cross-section data taken at different time periods. 

The primary test for establishing whether the same population, or 
structural relationship applies to different data sets is the Chow test. 
Suppose there were two sets of data: (i) estimate the regression equation 
for the first set of data and record SSR, , the sum of squared residuals 
for this regression equation; (ii) do the same for the second set of data 
and record SSRo the sum of squared residuals for the regression equation 
of the second set of data; (iii) estimate the regression equation for the 
pooled data (i.e., when the first and second sets of data are taken as 
belonging to the same population) and record SSRr5 the sum of squared 
residuals for the equation based on all observations. If the first and 
second sets of data belong to the same population, then SSR, a SSR, 
Should not be significantly greater than SSRy. | 

The equality of the sum SSR, hi Sona With SSR> is tested for by 


2 
using an F-statistic test, where F is given by: 


; [SSRy “ (SSR, + SSR5)] Perko |) 


ile (SSR, SSR) 7 Un-2(K # TY) 


where K = number of independent variables 
n = total number of observations 

and F = F eK, ieee 2) 

] 


D. Orr, op. cit., p. 160; M. Dutta, Econometric Methods (Cincinnati: 
South-Western Publishing Co., 1975), pp. 173-177. 
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Under certain specifications, dummy variables could be used to 


give the same test results as the Chow test. 


This implies that dummy 
variables can be used to test for structural changes in econometric 
models. However, the dummy variable technique facilitates the testing 

of whether individual structural coefficients have changed while the Chow 
test is an overall test of the joint hypothesis that all coefficients 
have not changed significantly between the two periods under investigation. 
The common dummy variable method is to use the [0,1] dummy for the first 
and second periods respectively: (i) if D = [0,1] is used as an 
independent variable, then the dummy variable tests for a shift in the 
intercept term; (ii) if D = [0,1] is used interactively with a given 
independent variable, then the dummy variable tests for a change in the 
relevant slope coefficient. Hence, the inclusion of an intercept and 

all slope dummies will yield the same test results as would be obtained 
from the Chow test. 


A Final Note on Appendix A-5 


The above review of the basic scanning techniques or tests for 
the presence of econometric problems in regression models and for the 
detection of structural changes in such models is not exhaustive. More 
details could be obtained from econometric textbooks such as J. Johnson, 
Econometric Methods (New York: McGraw-Hill Book Company, 1972); M. Dutta, 
Econometric Methods (Cincinnati, Ohio: South-Western Publishing Co., 1975); 
D. Orr, Applied Econometrics (Toronto: Institute for Policy Analysis, 
University of Toronto, Canada, 1977); H. Theil, Principles of Econometrics 
(New York: John Wiley and Sons, Inc., 1971); and A. Koutsoyiannis, Theory 
of Econometrics (London: The Macmillan Press Ltd., 1976). 
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